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PREFACE 


In presenting a new text-book of Organic Chemiatry, my object 
baa been to provide a book from which tin* student may at once 
easily gain a grasp of the essential principles and logical structure 
of the subject, and at the same time find, compactly and accessibly 
collected, all essential significant facts about the commoner organic 
compounds. 

The chief novelty to be found in the matter of the book lies in the 
treatment of the Carbohydrates as cyclic compounds. This treat- 
ment involves a sacrifice of simplicity to truth; but ;i general 
adoption of these formul® in elementary text-books is now overdue. 
Modern catalytic methods for the preparation of various substances, 
e.g., methyl alcohol and phllialic anhydride, have also received due 
mention. 

The requirements of the medical student have been given the 
first place in deciding upon the matter to be treated, and accordingly 
the treatment of the Carbohydrates, Alkaloids and Proteins is some- 
what fuller than is usual in a book of this scope. It will, however, 
be found that the requirements of the unspecialised student of 
chemistry have not been neglected. 

I wish to acknowledge the' assistance I have received from 
numerous standard works on Organic Chemistry, theoretical and 
practical. 

I also wish to record an especial debt of gratitude to Dr. A. D. 
Mitchell, assistant editor of the Journal of the Chemical Society, for 
most valuable assistance at every stag© of the production of the 
book. 

I am also glad to acknowledge the kindness of Professor W. N. 
Haworth and Dr. S. M. lte3'nolds of Birmingham University in 
assisting me with information and adWee as to modern views on the 
Carbohydrates. 
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My thanks are also due to the following who have kindly assisted 
me by giving permission to reproduce illustrations: — 

Mr. W. B. Randles, of the Technical College, Derby, who was kind 
enough to take the microphotograph of starch grains reproduced as 
Fig. 47; Messrs. Edward Arnold, for Fig. 43, redrawn from Professor 
Haworth’s “Constitution of Sugars”; Messrs. Blackie, for Fig. 42, 
reproduced from Bernthsen’s “I'ext-book of Organic Chemistry”; 
Messrs. W. J. George Ltd., for Fig. 39. 

I should also like to take this opportunitj" of expressing my 
indebtedness to Mr. H. Wren, who is responsible for the majority of 
the line illustrations, and to that member of my publishers who was 
responsible for the solution of numerous problems of production and 
for the checking of the proofs. 


Repton, 
March, 1933. 


F. T. 


PREFACE TO FIFTH EDITION 

A NUMitKU of sipiificant mudcrn advances have been included in 
this, the fifth edition. Among tlicsc are the theory of molecular 
orbitals, and a more extensive treatment of tlie steroids and 
vitamins. J have- pleasure in acknowledging the help of Mr. Desmond 
W'heeler in tlu- revisi-jii. 


(’joiwthokne. 

I0:)3. 


F. S. T 
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ORGANIC CHEMISTRY 


PART I 

ALIPHATIC COMPOUNDS 


CHAPTER I 

determination of FORMUL-E 

1. Organic diemistry.— Thr betwo.-n Organi<: Cheinia- 

trv and Inorganic Chemistry was first made in the eightecntli 
century The complex compounds of carbon, hydrogen, and 
„xygen, found in animals and plants-oils, resins, fats, etc.-were 
caUed Organic substances, while minerals and the substances 
derived from them were tormetl Inorgaiuc. 1 ho former were 
believed to be produasl only by the agency of a udal /orce inherent 
in living organisms. Wohler in 1828 made the anima product urea 
from ammoiiium cyanatc (Expt. 70) which can be made from purely 
inorganic materials, and it was not long before many organic 
substances had been made from inorganic matenals. When it was 
found that organic substances could bo produced from non-livm„ 
matter, it was no longer thought that organic compounds were m 
any way essentiaUy lUfferent from inorganic compounds; none the 
less the distinction between Organic and Inorgamc Chemistry was 
retained, becau.se the vast number of the organic compounds, their 
peculiar behaviour and the special teclinique used in their iiiaiii- 
pulatiori made the study of Organic compounds a branch ol clieiiiical 

science conveniently separated from the rest. 

We can no longer define an organic compound as a carbon com- 
pound derived from a living creature, for we are now familiar with 
hundreds of thousands of such compounds which neither form a part 
of nor are made from any animal or plant product. Organic chemi.itry 
is to-day Oio aludy of tlie compounds of carbon other Hum carbon 
monoxide, carbon dioxide, and the metallic rarbidr.a. 
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2. Cixaracteristics of Organic Compounds. — One unique quality of 
the atom of carbon is the cause of the exceeding complexity of its 

chemistry. Molecules containing long chains of carbon atoms linked 
together are stable. 

Such compounds as heptane or benzene are very stable in spite 


H H H H H H H 



H H H H H H H 


Heptane. 


H 

HC CH 

II I 

HC CH 

XcX 

H 

Benzene. 


of their havmg many carbon atoms linked together. In contrast to 
these, a compound mth a cham of more than a few of any other kind 
of atom 18 markedly unstable. We may instance hydrogL peroxide, 
hydrazoic acid, pentathiomc acid as compounds with chains of 
atoms other than carbon. All are relatively unstable. 


H— O— O— H ^ N = N 

Hydrogen peroxide. Hydruzoic acid. 

HO-SOj— S— S— S— SOa-OH 

Pontathionic acid. 

IIIJS cliaracteri.stio property of carbon accounts for the existence 
of organic chemistry. Attention will be dra™ to otrer ^harTc 

the ““ encountered in 


detekmination of the formula of an 

UUC:aX](- CU.Ml'urxi) 

co^und.weemiiloytlie^tllowln^^ 

W.^ fs'known to be^n”" the subject dealt 

test for these elements andTheTesu“‘”‘'f’ 

whether a substance is'or is not organic"”'' '' " " *“ ‘*®‘«''mining 

oxidtd‘”a'l/:Lpk.tc°h. br:k'‘“‘ ™n, pounds are 

compound t^ oxide. If the 

Powdered copper oxide is dried b," heaf“g R tol^j-redness. It 
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DETECTION OF ELEMENTS 

is then mixed with about half its volume of the organic compound 
and placed in a hard glass U cmhon is 

c”htn rSIeti h?e;o“:d"vdl turn Ume-wa^ev 
cloX H hydroeen is present, water will he evolved and udl 

:S"Srr.r 

over the heated oxide, the 
issuing gases being tested for 
carbon dioxide and water as 
above. 

4. Detection of TJitrggen, 

■ ^ftl ngena and 'Sulphur. 

Lassaigne’s test for these 
elements is usually emploj^ed 
and depends on the action 
of sodium at a high tempera- 
ture on the compound. If 
nitrogen is present, sodium 
cyanide NaCN is formed; if 
halogens or sulphur are con- 
tained in the compound, the 
halide or sulpliide of aodmm 
is produced. 

thf sr:? :;e:t;i::d in a sm.. -.S^lmhe and a .mdl quantity 

(about 1 -S ) f ‘'^V''vtv'’BmaH quanWy of the substance should 
It 18 essential that a very reach a hi'dj tomperature. 

be used in order that the -ith the 

The sodium is ea^ltnisod mass. The hot 

substance, forming, ■ • , jy j contained in an 

test-tube is I- it is slatU-red’and any ro.nain- 

hydroxfdo is precipitated . Warm to near boiling for a nunute to 

. PmusMU... i, sometimos use.,. th» passil.iiity of lost „s 

ammonitt ia thoroby decreased. 
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allow any cyanide present to form ferrocyanide. Add a drop of ferric 
chloride solution, shake and then make acid with dilute hydrochloric 
acid. A blue precipitate of Prussian blue indicates that the com* 
pound contained nitboqbn. 

6NaCN4-Fe(OH)a=Na4Fe(CN),+2NaOH 

4FeCl3H-3Na4Fe(CN)e=Fe/"[Fe(CN)6]aH-12NaCl. 

Pnissiaa blue. 

If the precipitate is scanty and the solution is coloured, it should 
be altered off and washed, when the colour of the precipitate, if any, 
is at once apparent. The precipitate may form rather slowly. 

(ii) Acidify a second portion with dilute nitric acid, warm, and 
add silver nitrate solution. A white flocculent precipitate, readily 
soluble in ammonia and turning blue in the light, indicates that 

the compound contained OHLoanrB. A cream-coloured precipitate 
may indicate bromine. 

Acidify a portion of the solution and add a drop of carbon 
^ulphide and a few drops of chlorine water. If a bromide is present 
bromine wiR colour the solution brown and, on shaking, will dissolve 
in the carbon disulphide to a deep brown solution. A primrose- 
coloured precipitate may indicate iodine. Confirm as for bromine* 

^ carbon disulphide violet. 

(m) lo a third portion add a few drops of lead acetate solution. 

Irrr ^ prccipitate, containing lead sulphide, indicates that 

SD^nmt was present m the organic compound tested. 

auInhMr '"'liich gives a violet colour with 

Bulpludos, may be used m place of lead acetate. 

it Appendix on p.29) has advantages in that 

It does not require the use of sodium, but the reagents are not so 
easily obtained pure and the method is slower. 

6. Detection of Metals.— To detect metals in an organic compound 
1 13 usuaUy heated in an open dish or crucible till no^fintherXc^on 
akea place. The residue, which is usually the o.xide of tCiTteMe 
then analysed by the u.sual methods. Alternatively the orcanio 

sometimes be oxidised to carbon dio-xide and water by 

For carbon and hydrogen: sugar, tartaric acid, 
hor mtrogen: urea, acetanilide 

^^^otein, e.g. hair, will give C, H, N, S. 

:^Detect:on of Oxygen.-No simple and adequate test for oxygen 
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is in use. If the substance or its vapour is heated alone to the point 
when charring, i.e., complete decomposition, takes pla^, carbon 
dioxide or waiter or both are usually formed ^ present. 

Accordingly the presence of water or carbon dioxide m the vapours 
evolved when an organic compound is subjected to heat m absence 
of air may be taken to indicate the presence of oxygen. 

QUANTITATIVE DETERMINATION OF THE 
^ OF THE ELEMENTS IN AN ORGANIC COMPOUND 

To discover the formula of an organic compound it is necessary to 
know its percentage composition. Having discovered what cU iucnt. 
are present by the methods of §§ 3-6 we determine their proportions 

“" 7 .“DrtermiBation of Carbon and Hydrogen by Combustion 
—The principle of this method is the complete oxidation of a knonm 
weTghVof tL organic compound and the determmat.on of the 

^h‘ dfo^rv 

concentrated caustic poush^soiutiona^ 

passing through Hulohuric acid The gas passes to a long 

by heating It in all .( ^ P substance to bo analysed; 

cr;Sd«ariengdh o? cofrse copper oxide (oxidised wire) held 

..o rz'':x".r; « 

^r!f tu rcro«rthe° h^Tis inserted by mahi.ig them red 
"1-o“"ttc'’rmfu^fon°?ure^s°''ftl a ^ tube ^om 

:?thi/eiruarhidajrd^^^^ 

rro7tro;;t:5dr(3r.^^^^^^^^ - a dmi red 

1 I„ order to d„c„.„po-„ any hLtg:L°lsp.- 

‘Jvw'^auBe'ip^ » «“u" llaJod in order to decon.po.o voatilo copper hohdes. 
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DETERMINATION OF FORMULA 

heat and then the copper oxide spiral (1) is slowly heated. Lastly, 
the boat is very gently heated and its contents are volatilised and 



XX nl 1 7? "'T The former is com- 

the poHsh bulbe mi T, (5) end the latter by 

oxvrn bv drv ■ “I displacing the 

o^gcn by dry air previously freed from carbon dioxide 
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Let the gain of weight of the sulphuric acid U-tube be ^ g - that 
of the potash bulbs and guard-tube be y g., and the weight of the 

substance taken be g. ^ j 

Then w g. of substance form x g. water and y g. carbon 

dioxide, therefore g. of substance contain | g. hydrogen and 

12 3 , 

y X y Xjj g. carbon; 


lOOx 

therefore percentage of hydrogen — 

300y 

percentage of carbon HuT 


The process needs no small 
degree of skill and experi- 
ence and is rather tedious 
and cumbersome. It is now 
being rapidly replaced by 
the process of micro-com- 
bustion, similar in principle 
but employing much smaller 
apparatus. This method is 
quicker and also requires 
only very minute quantities 
of material — a great advan- 
tage with a newly discovered 

substance. 

8. Determination of Nitro- 
gen in an Organic Substance. 

—Dumas' Method.— Dum&s' 

method depends on the 
decomposition of the com- 
pound by heated copper 
oxide and a bright metallic 
copper spiral, the final pro- 
ducts being carbon dioxkle, 
water and gaseous nitrogen. 
The latter is collected over a 
solution of caustic pota.Hh 
and measured. The appara- 
tus is shown in Fig. 3. 

A combustion tube about 
a metre long contains (1) a 
weighed amount of the sub- 
stance mixed with a con- 



Duin«£’ Method for determination of Nitrogen 
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siderabl© excess of fine copper oxide; (2) a layer of coarse copper 
oxide; (3) a spiral of bright metallic copper gaoze, (to decompose 
any oxides of nitrogen) prepared by heating the gauze in the flame, 
plunging it into a tub© containing a little methyl alcohol (which 
reduces any oxide to the metal) and drying at 100® C. 

An apparatus for generating carbon dioxide from marble and 
dilute hydrochloric acid delivers a stream of the gas through a wash- 
bottle into the combustion tube. 

To the other end of the combustion tube is attached a ‘nitrometer’ 
(Fig. 3) containing a 40 per cent, solution of caustic potash. Caustic 
soda is unsuitable owing to the local formation of the sparingly 
soluble sodium bicarbonate which may block the tube. 

The carbon dioxide is passed through the tub© until all air has 
been removed and the coarse copper oxide (but not the fin© oxide 
containing the substance to be analysed) is made red hot. When a 
test portion of gas collected in the nitrometer is completely absorbed 
by the potash all air is knowm to bo displaced. The current of gas 
13 stopped and the nitrometer is filled. The fine copper oxide is now 
gently and progressively heated and nitrogen collects in the nitro- 
meter, all carbon dioxide and water from the combustion being 
absorbed or condensed. When no more gas is evolved, the carbon 
dioxide stream is turned on and the nitrogen in the combustion tube 
is displaced into the nitrometer. The nitrogen is measured and its 
volume is read off and corrected for temperature and pressure. (The 
vapour pressure of water over 40 per cent. KOH is only about half 
Its vapour pre.ssure over pure water.) 

If tc g. of substance pro.uce x c.c. of nitrogen at N.T.P., the 


W g. of subitiince contain x X g. of nitrogen and the 


X 

tiw 


percentage i.f nitr..i:rn is x x or 

11-OOuJ ou/ 

A method of detormining nitrogen which is 
much nmre ea.sily carried out is the Kjeldahl process, which depends 
on th.* inct diat iiiany organic nitrogen compounds^ are converted 
m o au momum suinhate when heated with concentrated sulphuric 
. cid. Ihe liquid IS then treated with excess of alkaU and the 
an moma is distilled into sUandard acid and the proportion of this 
neutralised by it is ascertained by titration. 

A weighed quantity of the substance (cn. 1—5 g.) is placed in a 
special Kjelda il husk (Fig 4); L'O c.c. of concentrated sulphuric 
cid are added, and the tla.sk is loosely stoppered. The liq^d is 

n’ resets, notably those 

with tine diet to .uilioos. cue. nod thtnlre dt'Xrr^ 



9 


kjelbahl process 



heated over the smaU flame of a micro-buroer. about twenty 

minutes 10 g. of 6oUd potassium sulphate are added and tea^g 
r^^^tinued tm the oLtents of the flaek are colourless. The 



, *• f the oroccss is accelerated by the addition of a small 
completion of the P*® nitrogen of the orgamc compound 

oryatal of into ammonium sulphate. The cold 
UquiTu tre“n tmpltely rinsed into the flask (F, of a distdlat.on 
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apparatus such as is shown in Fig. 4. The tap funnel is filled with 
concentrated (50 per cent.) sodium hydroxide. One or two pieces 
of pure zinc are placed in the flask to avoid bumping. The flask is 
connected to a second flask W containing a little water which is 
vigorously boiled throughout the experiment. This latter flask is 
connected to a condenser C the lower end of which passes into a 
flask (E) containing normal acid. An exit tube passes tea (J-tube 
(T) which also contains some standard acid. The flask and (J-tube 
together contain 30 c.c. of N-acid. 

The sodium hydroxide is slowly run into A with gentle agitation 
to ensure mixing; it decomposes the ammonium sulphate, liberating 
ammonia. The liquid is boiled and steam and ammonia pass through 
the flask W, where any spray of alkali is deposited, into the con- 
denser and flask where the ammonia partly neutralises the standard 
acid. When a drop of the distillate is no longer alkaline, the acid 
from E and T is titrated. 

If a: c.c. of A’^-acid have been used up, equivalents of NH 3 

^ X 1 4 

containing g- of nitrogen have been evolved. 

If w g. of substance were used then it contains 
a: X 14 X 100 \ -4x 



9 Estimation of the Halogens and Siflphur.— The usual method 
for ck.t,.rnun,ng sulphur nr the halogen elements conaista in oxidising 
t bo organic .■ompouud ooutniuing them by means of nitric acid 
mmer proasurc. Sulphur ia oxidised to aulphurio acid which is 
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estimated as barium sulphate. Halogens are converted into silver 

^^Thrmetbod^o'f^Carius, as it is termed, is carried out as follows:— 

Estimation of the Halogens.-A piece of 
tubing is closed at one end and somewhat 1 

Some nowdered sUver nitrate and then a small quantity ca. o c.c.) 
borne powaereub halogens, are placed m the 

:p;:: -if 

the pressure is released eouenmg \ J , „nj>t 

Bunsen b>irner unt.l a hole i^angorously high, ha. 

not be removed until ^be pr •- l ‘ .-p :» retnoved from 

been relea^sed. The end of the tube s ^ ^ 

the oven, and Its contents was ie( ^;o„,.h crucible, dried and 

is boded with water, collected m a t.om n 

"Tuppte that u, g. of the suhstance arc tah.-n an., thn pr,.cipitate 
consists of X g. of silver bromide. 

g. bionune, 


z g. of eUver bromide coritam x X 

80x 


the substance contains r 


108 -f* 80 

per cent. Pr. 


/ C ; » .r_The nroeo.lure is similar, but in pliicc ol 
Estimation of Sulphur. I . , . to the nitrie acid. 

silver nitrate a little potassium oxidising nelivity of 

This liberates brotnine which cr ^ .j^j tube is 

the nitric acid. The hnal and its contents 

opened with the '"^."joved by repeated boating with 

washed out The 'J.jj the sulphuric acid precipitated 

concentrated hydrochlor . solution a hot solution ot 

aa barium sulphate by adc g (.i.loride 'I'he precipitate is washed 
barium chloride and ammomum ig.L-l and weighed. 

by^decantarion, fdt..^^^ ; ^ ,.,,,.te. the, 

contain I?,-": fc'- of sulphur, and the percentage of sulphur is 


233 4 


3200X 


233'4ui 
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Phosphorus may also be estimated by Caxius* method. It is 
oxidised to phosphoric acid and weighed as magnesium pyro- 
phosphate. 

Metals are estimated, as a rule, by igniting a known weight of the 
compoimd and estimating the metal in the residue by the usual 
methods of inorganic analysis. 

DeiermincUum of Oxygen . — There are no simple means of deter- 
mining the proportion of oi^ygen in an organic compound. The 
usual procedure is to determine the percentages of all the other 
elements present and subtract the sum of these from 100. 

This procedure has disadvantages. In the first place the presence 
of an element has sometimes been overlooked and the proportion of 
oxygen thus over-estimated. Secondly, the results afford no check 
on the accuracy of the analysis. Thirdly, the figure for oxygen is 
inaccurate by an amount equal to the sum of the errors of all the 
determinations. 


I^cently a method of determining the ox 3 »gen directly has been 
devised. A known weight of the substance is heated in a current of 
hydrogen, and the vapours evolved are passed over heated metallic 
nickel. The oxygen in the compound is wholly converted into water, 
which is absorbed by calcium chloride and w’eighed. 

10. Calculation oi Empirical Formula. — The experimental methods 
already described have enabled us to find the percentage 
composition of any organic compound. From these data we can 
obtain the empirical formula, the simplest formula which corre- 
sponds to the percentage composition of the compound. The true for- 
mula IS either the same as the empirical formula or a multiple of it. 

llie formula expresses the relative numbers of each kind of atom 
present. By dividing the total weights of each kind of atom (as 
pven by the percentage composition) by the weight of each atom 
(given by the atomic weight) we obtain the proportion by number 

of each kmd of atom, and this gives us the simplest formula An 
example will make this clear. 


Thesubs^nce chloroform contains lO-Oo per cent, of carbon, 0*84 per 

cent, of hydrogen, and 89-11 percent, of chlorine. What is the simplest 
Jormula possible for chloroform^ 

^^The atomic weights of carbon, hydrogen and chlorine, are 
1-, 1, and 30-0. respectively. In order to find the numbers of 
atoms in the weights of carbon, hydrogen and chlorine given in 
the percentage composition, we must divide the weichts of 
tnese elements by the weight of a single atom. 

Iho relative numbers of atoms are^ then: 


< 'arbou 


10-05 


12 
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Hydrogen . ♦ • * 

Chlorine • • * 

The formula is then aome multiple of 

- 


0-84 

S911 

■ 3 ^ 


10 0 8 ^ 0 - 8 * 
la 


Cl 


SB' 11 
"8S.6 


= Co-84 Ho-ss Cla-Bi 
Dividing these by 0-84 we obtain 

CiHiCU-wor cnaa- 

CHa, . tUe.fo.e 

C,H,ae.C 4 HBCW, or In order to find out which 

the figures of the percentage P reqviire to know the molecular 
of these formul® is the true one. we rcqvme 

weight of the substance. PomDOund.— The molecular 

11. Molecular Weight o* ^ the weight of one molecule of 

weight of a compound is t ^ „ Since the atomic weight 

it to the weight of an is clearly the sum of the 

lead to the molecular weight ' , hexane, Ml^ulated from 

ExampU.~-Th. s^mplest f^m. n of 
iU percentage composition, ta C 3 7 - 

WfuU is its true formula^ molecular weight of (3 X 12) + 

The formula C3H,ind»ca required mole- 

7 = 43. A ^ t.t; formulS of boxane is therefore 

cular weight ot oo- 

-It nf nn or-umie compound can be found 
The molecular weight of a o boiling point or 

(1) from the density of its vapour. (2) Irorn 

freezing point of its j^ogen is known to bo 2 for the 

The molecular weight ol ^ 1 and it may bo shown 

atomic weight^ of j^am-molecular weight of hydrogen 

to have may bo shown by an cNpennK-ntal 

must therefor© be n^o firnirea 1 008 f»r U.^ 

1 If theoxy«en «tan^ nud 2-010 for it« muloL-ular 
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determination of the density of hydrogen that 2 g. of hydrogen 
occupy a volume of 22-412 litres at O'* C. and 760 mm. pressure. 

Suppose that 22-412 litres of hydrogen contain n molecules of 
hydrogen. Then by Avogadro’s law 22-412 litres of any other gas 
contain n molecules of that gas. 

Suppose that 22-412 litres of this gas measured at 0® C. and 

760 mm. pressure weigh w g. Then each molecule weighs 
to 

But a molecule of hydrogen weighs — g. 

n 

. The weight of a molecule of the gas w 2 

The weight of a molecule of hydrogen n ~ n ' 

The weight of a molecule of the gas 
The weight of an atom of hydrogen ~ 

It follows then that 

the molecular weight ol a gas is numerically equal to the 

weight m grams of 22*412 litres of the gas measured at normal 
temperature and pressure. 

The relative density of a gas vapour referred to hydrogen is the 

rat on of the eight of one volume of gas to the weight of one volume 
ot lijclrogon, both measured at N.T.P, 

Uning the same sj’mbols as above; 


2 


Gas deriMty _ W Hgh^of 2 2-4 litre s of gas at N.T.P. 

Weight of 22-4 litres of hydrogen at 


to 

"o 


But the molecular weight has been shoum to be v,. and consequently 

the molecular weight of a gas is twice the relative density of 
the gas at N.T.P. referred to hydrogen as unity. 

It fol]cn^s, then, that if wo can find tho weight of a given volume 

1 lie volume of the gas at N.T.P. is. tlien, 

t’ X 273 X p 



MOLECULAR WEIGHTS 
and the weight of 22-4 litres of it at N.T.P. is 


15 


to X 22400 X (273 + Q X 


760 


When filled u-ith ethane 


V X 273 X 

This quantity is the gram-molecular weight. 

An examjjie may be given here. 

An evacuated vessel weighed 84-5002 U- - o- loni « 

at 750 mm. j.re^awrc and 15“ C., its u-e.gkt u-a 3 8o-1304 g. Its 

volume, as ascertained by filling it with water and weighing, was 

455 c.c. Find the molecular weight of ethane. 

Volume of ethane = 455 o.c. at 750 mm. pressure and 15” C. 
at 0“ C. and 700 mm. volume of ethane 


750 


273 

V — c.c. 
^ 288 


This volume of gas weighs 85-1304 - 84-5C02 S- 

22,400 c.c. of ethane at 0 C. aud (00 mm. weigh 


0-5702 X 2240<J X 760 X 288 


g 


4.-, 5 X 750 X 273 

= 30-0 g. 

The molecular w.-ight of ethane IS 30. 

13 Molecular Weisht of VolatUe Liquids and Sohds.- 1 m pr.uc.plo 
lo. ijioiecuiar « s,*c:tion mav be api»hc<l also to 

of the method ’Xon - 

volatile hquids and sohds weichin- of a fixcl volume 

organic substances for finding tlm density of a 

= ... en devised^ Tbs .nethod devised by 

Victor Moyer 'i?er"°inf«r d/o(er..h.r ll r,V,Ai.,.-Io 

Ftc(^ 2Iey . i f, weight of a volatile coniponr..! it is 

order to d.»eover the n ok 

temperature and p.-.-^ a o 1^^ evaporat ion of a known 

apparatus tlie vai^ r i.r „ir, ul.i. li is 

"uTit’ kn-n condLna. The appariitii.s is show,, in 

M(\\ v.ottlo holding about 0-2 C.C. i.s weighed. th<-n filled 
A very small (A) oouio ijoi ai**b i Altern.-i- 

with the volatile siihstanee. stop,,ered and weighed k- "■ A 
.•1 11 1 L.JVu hf>Uiinir about 0*2 c.c, iimn i 

n.7^ " Tet ef 7 : apP^atu ” is partly filled with' wafer or soma 

,. 'lo"* 10“ c higher than the boilinu p'-int oi tha 

hquid boiling .10 — I'f • * i 

substance, the vapour dennity of which is to be measured. 
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The inner glass tube, which contains a little glass wool or dry 
sand to break the fall of the small bottle, is thus heated to a constant 
temperature, which need not, however, be known. A measuring 

tube and small pneumatic 



vapour at 0“ C. and 700 mm. would be 

273 (p - p') 


trough are adjusted to the 
delivery tube of the innwr 
tube. When the inner glass 
tube has reached the tempera- 
ture of the bath, air will 
cease to issue &om the delivery 
tube and the measuring tube 
is set over the orifice of the 
delivery tube. The rubber 
cork closing the inner tube is 
removed, the small bottle is 
dropped in and the cork is 
instantly replaced. In a few 
seconds the substance begins 
to vaporise and the vapour 
formed expels from the tube 
its own volume of hot air, 
which cool-s in the measuring 
tube to the volume which the 
vapour would occupy (if un- 
condensed) at the temperature 
and pressure prevailing in the 
tube. ^Vhen no more air issues 
from the delivery tube, the 
measuring tube is removed, left 
for a quarter of an hour to 
attain atmospheric tempera- 
ture, levelled, and the volume 
of air (v) read off, and the 
temperatvu-e (i) and atmo- 
spheric pressure (p) noted. 

1 hen if the vapour pressure 
of water at the temperature t 
is p', the volume of the 


(273 H- t) 700 


o.c. 


If the weight of the substance (alcen was ta g then ~P’K 

(273-f-O 760 








molecular weights 1" 

of vapour at N.T.P. weigh w g., and 22,400 c.c. weigh 
w X 22400 (273 + 0^5^ ^ last number is the molecular 

273 (jj - P ) ^ ~ 

Melhcd of determining Molecular W eigkls .-Tl.e principle 

of this method is the 
weighing of a volume of 
vapour measured at an 
elevated temperature. It 
is not less accurate than 
Victor Meyer’s method, 
but requires much more 
of the liquid to be used. 

The apparatus is shown 
in Fig. 7. 

A glass bulb with a 
narrow pointed neck is 
weighed (tUi). It is then 
warmed and the orifice is 
dipped into the liquid of 
which the vapour density 
is to be determined. 

When some 10 — 12 c.c. 
of the latter have been 
drawn into the bulb, it 
is removed and clamped 
\mder water (or other 
Uquid) 80 that only the 

point protrudes. The 
water is heated until the 
liquid boils rapidly, and 
is then kept at a con-stant 
temperature (0 measured 
by a thermometer in the 

bath. When no liquid issue) the 

remains in the bulb ( . without removing the bulb 

orifice is sealed mth a ^ r at the temperature (0 of the 

from the bath. It la no pressure (jO- The bulb is now 

‘is'xs t. "Is" 

water which rushes in and fills it. i>y b b 
its volume v is readily obtained. 
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The weight of the vapour is — w.y -f- vd where d is the density 
of air (referred to water) at the temperature and pressure at which 
the bulb was weighed. The term vd is introduced to allow for the 
buoyancy of the sealed bulb, which appears less in weight by the 
weight of the volume of air it displaces. 

The volume of the vapour is v, the temperature t, and the pressure 
j>. Hence the molecular weight of the substance is 

760 X 22400 (Wj - Wj + I'd) (273 + 0- 

273 pv 

14. Molecular Weights of Non-volatile Substances.— A consider- 
able f)roportion of organic substances are not volatile, and for these, 
of course, the metho<l3 just described are not available. 

Organic corapound.s are, however, almost all soluble in some 
solvent and the molecular weight can be determined by the cryo- 
scopic or cbullioscopic methods. 

It has been both theoretically and practically established that 

the degree of lowering of the freezing point and of raising of the 

boiling point of a solution containing given weights of solvent and 

solute are both inversely proportional to the molecular weight of 
the solute. 

Expressing this as a formula we can say that 

(1) If a .solution containing te g. of .solute to every S g. of solvent 
treezes at I C., while the pure solvent freezes at C., then 



cw 

'ms 


wh.-re .1/ is the molecular weight of the solute and c Ls the cryoscopic 
constant, whu l> depends on t!,e liquid used. 

\ Veo IV g. of solute to 5 g. of solvent 

hulls at ( C. while the pure- solvent boils at C., then 


'■/‘I 

1 ebumoscopio 

CO, >tant d.-pcnding on the solution oinphn-ed. 

Ihe praetieal probh ni is then to detennine vith a high degree of 

ora.ob.ti„noO™.^ 

Mcthod—Tvro cliief methods 
bnoun. and the I^n.bsberger being the best 

witliin^Troi ” "eciirale measurciucnt of a boiling point 

o n bn , T """‘S *° tendency of the 

bolut.on to snperboat. In lieckmann’s method (Fig. 8) a weighed 
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amount of solvent (S g.) is placed in the inner tube T which contains 
tetrahedra of platinum foil, garnets, etc., to ensure regular boiling 
and thorough mixing of liquid and vapour. A water-cooled tube (C) 
condenses the vapour and returns the liquid to the central tube. 
The boiling point (<) is measured by a Beckmann thermometer 
graduated over a range of 6® C. in hundredths of a degree. The 
mercury is adjustable to allow of any range of 6® C. being covered. 
A weighed pellet of the solid (w g.) is then added through the side 
tube S and the boiling point again read. One or two more weighed 
pellets are added and readings again taken. The molecular weight 
is given by the formula 




cw 


The ebuUioscopic constant c is obtained &om tables. Some 
values are: 


Water . 
Acetic acid 
Benzene 
Chloroform 
Acetone 


. 620 
. 3,070 
. 2,560 
. 3,880 
. 1,670 


,9 





Landsberger Method . — The dynamic method of Landsberger has 
tbo advantage that superheating is not possible. The apparatus 

used is 8ho>vn in Fig. 9. The 
solvent is placed in a flask F 
from which a delivery tube 
passes to a vessel V graduated 
in c.c. and provided with a 
thermometer graduated in 
tenths of a degree. This 
vessel has an aperture H 
through which the vapour can 
pass through a surroimding 
jacket J to a condenser. 

About 10 c.c. of solvent are 
placed in the graduated vessel 
and the solvent in the flask is 
boiled so that the solvent in V 
is raised to its boiling point (/) 
which is read off on the ther- 


71 

'h 

V 

I: 

/ 

1 

1 

!i' 


To ConiJe-'t<t r 




1*10. 0- — LfUiiLjUoryrr Apparatus, 


mometer. Then a Little of the solvent is removed from V, leaving 
about 5 c.c., and a weighed pcUct of the solute-say 0*6— 1-0 g. 
\w g.) is added. The apparatus is once more connectod up; vapour 
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is passed in, and the temperature (' is noted when the thermometer 
has become steady once more. The .lelivery tube and the ther- 
mometer are then at once removed, and tlie vohmie of solution 
{S c.c.) is read. This temperature (f') is the boding point of the 

solution containing ui g. of solute in S c.c. of solution 

By replacing the cork and aUowdng more solvent to condense. 

further readings for temperature and volume of solution are 
obtained. 

The molecular weight M is given by 


t’ ~ t = 


CIO 

J37' 


where c is a special ebuUioscopic constant in which aUowanco is 
made for the fact that S is expressed in c.c. and not m gram . 

Klmllioscopic constant 
{I.ftnft-sherger). 



. 2,220 


Solvent. 

Ethyl alcohol 
Acetone 


Ether 


3,030 


16. Cryoscopic Methods ol detern^ng 

apparatus shown in Fig. 10 is usually employed f J- °f ^ 

are weiehed into the inner tube and m tins arc placed the Weekmann 
re™7metr and stirrer. The tube is ene.osed in an ajr lafet wh.ch 

U point of the 

'sXn: i:"tcadi.y but gently Stirred and the mercury 
thread is watched. This falls “ .''f ^.^eTry 

freezing point ^ m^^r^'^l^aVy’*:" th^^^^^ point 

tnbe'rth^ermoved and" "'“rf oTute i:" 

the solvent has melted. A weighed amount °f »hde 

by the side tube and dissolved by Btwrmg.^^^^he freezm. pouh . 

then again determined as above {t ). P 

with fresh portions of solute. fr,rtmi1n 

The molecular weight M ia again given by the formula 


t ^ V = 


cxv 

TTf? 


where c is the cryoscopic constant. 
Solvent. 

Water . • • ‘ 

Acetic acid . 

Ben 2 en© 

Phenol 


{•rs oscopic constant. 


. 1.850 
. 3, 000 
. 5,000 
. 7.3(M) 


B 
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Vu-.. 


10. C ryoscopic .Mi tJioi! for vli-tormunug ^Molecular \Yoightsi. 


^ _ Itn^t’K caniplior inothocl, tlnniRli not rolifiblo with 

H,' fOTiH. jiMich into uso owing to it.s simplicity. While 

M-I. xn liiivf Ji,-ir freezing point lowerc-d hv nbont 2 — 4” C., 

T. .nv i-, .Mssolved in l.ilOO camphor is exceptional 

ini to VI ‘"“V ■' Km.-molJculo of 

u^o of a lleol IT m ‘"A"*’ dopn-ssion is so largo tho 

suVtL Vi I JV » i- nnneco.^sary. As small a ipmntity of tho 

tab • nr vi n I ' T "‘'‘■^hiHl is wnghoil out into a vorv small test 

wi ll dVd "\-''k ' sulphuric acid and potassium dichromoto. and 

. to t \ i, p ;• •■'•'‘•“y >^a!cd. The mixtt.ro is molted, best bv heating 
th. t.st tnl.o m a snmli h...k..r . ( lu utod sulphuric acid, euro being taken not to 
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I i- 1 - ii. ThA TTiixtiiro if» allowofi to Tbo solid is crushed 

wXh oHSe^o^dor introduced into a thin real, ed ao„e^ 

whttt conical capUJary tube of 2— 3 irnn. bore, which is beat made by drawing 



* * . * Ka 1 Tl.iti is drawn off, leaving a long narrow capillary ir> cm. or 

out a tod Ij Vi,iq ia placed in eontuet with a them.mncter pro- 

“r^ly\S,''ni^ with'conTintratSd aulphurie acid, to u i.ich ,t tv.il adhoto by 

1 If a ,„icro-l,„lanco i, availahlo the can, phot and the aubdance u.ed n,ay bo 
weighed directly into tlio capillary. 
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capillary attraction* The thermometer and capillary are clamped in a beaker 
containing sulphxmc acid and a glas? stirrer. The acid is slowly heated and 
steadily stirred » and the capillary tube carefuDy observed* The solid molts at 
some temperature not far from 160'^ C. The acid is then allowed to cool until 
camphor crystals reappear in the capillary. It is then again heated, and the 
disappearance of the crystal fragment indicates the correct melting point. 
The melting point of the unmixed camphor should also be determined by the 
above method. In this way the correction for emergent stem and other 
thermomotric errors are avoided. 

As an example of the calculation of results the following may be taken. 

112 mg. of picric acid and 1-000 g. of camphor wore weighed out and melted 
together. The melting point of the pure camphor was 174^^ C. and that of the 
mixture 164*6^ C. 


1000 g. camphor has its F.P. lowered by 40® C. by 1 gm.*mol. solute 






10-6* C. by 


19-5 

40 


gm.-mol. 


99 


1 gin. „ 


O-1 12 g. picric acid is 


19-5 

4^ gin.-mols. 


»• 


19-6 

40000 ®^-”°'- ” 


1 gni.-mol. picric octd is 
The correct result is 220. 


40000 X 0-112 
10-6 


- 230 


Tlio accuracy of the motliod is loss than that of the Beckmann or other 
cryoficopic mothods. btit its simplicity and rapidity make it very suitable for 
riiugh ut.'tonnumtions. 


17 0 Molecular Weights of Acids and Bases. — The molecular weight 
of an a-cid or base of which the hasiciiif or acidity is known can be 
determined by the analysis of a metallic compound. 

Molecular Weight of an Acid . — If an acid HX is monobasic its 
silver salt is AgX. On igmtion of this salt metallic silver will remain. 
If the molecular weight of the acid is M the molecular weight 
o the acid radical X is J/ — 1, and the molecular weight of the 
silver salt is 108 ->r M - 1. It follows, then, that the ratio of the 
weight of the silver salt to the weight of the silver left on igniting it is 


108 

Accordingly, the silver salt of an organic acid may be prepared, 
weigliecl out into a crucible and heated, at first gently and then 
strongly Ibe resuluo of silver is weighed. If the weight of the 
silver salt is u- and that of the residue of silver is ta', then 

I'^i -f- M w 
10 ^ ^ ^ 

and 

w 108w - 107u»' 
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The silver salts of some organic acids are explosive and should 
not be used (e.g.. edver oxalate). Aa a laboratory exerc.se. sdver 
acetate may be prepared by dissolving 2 g. of silver mtrate m 5 c.c 
water and adding a solution of 2 g. of sodium acetate m 5 c.c of 
dUute acetic acid. The precipitate is filtered and weU w^bed. tot 
with water, then with alcohol and ether. It .8 dncd m ‘h® "-ater- 
oven About 1 gm. may be weighed into a portelam crucible 
lid. and heated, at tot gently, then strongly. The residual silver is 

weighed and the calculation performed as above. 

MoUcvlar WeigM of a Base. -The platinichlor.de “ 

chloroplatinate) of a base is readily prepared by .treating it ^th 
hexacUoroplatinio acid (“platinum tetrachlonde ). The former 

when ignited leaves a residue of platinum If If 

and haa the formula X. the P'atrrucldoride wdl be X^H.PtClo. ^ 

the molecular weight of X is ilf. then 2ilf + (2+195-2+ 0 X S'. 5) g_ 

of the salt will yield 195-2 g. of platmum as residue. The procedure 

and calculation are as for the silver salts of acids. 

18. Calculation ol True Formula.— If the Pf ^ 

of a compound is known, the simplest formula is readdy calculated 

as in « 10 The true formula must either be this or an integral 

muMole of it The molecular weight indicates the total atomic 

wethte of all the atoms in the formula, and thus gives the multiple 

of the empirical formula required. Thus the percentage composition 

of benzene is C 92-31 per cent.. H. 7-09 per cent., which indicates a 

simplest formula CH. The "-‘tM “^Th? termuTa (1 h 

£toat^TvaLrof°r3. exactry one-sixth of this. Accordingly the 

true formulfii is (CH)® or C®H®. 

ExAifPLES OF Calculation of Formula 

(1) A liquid yielded the following results on analysis-. 

( ) ElLents present: carbon, nitrogen, hydrogen sulphur. 

(ii) On combustimi analysis 0-201 g. yielded 0-3049 g. carbon 

dioxide, and 0*1040 g. water. iri„iAnhl 

fiii^ On conversion of the nitrogen into ammonia by the Kjeldahl 
‘ ™ Ike aLonia obtained from hOt g. of the substance 

was neutralised by \l Qc.c. of normal UCl. ^ ^ 

(ivl When the sulphur was oxidised to sulphupc acid by 

process the use of 0*2060 g. of the substance resulted in the 

(v) tL vapour density was determined by the T tetor Meyer 
ami ^0*1015 gm. of the liquid, when vapor^ed, 

271)6 c.c. of air measured at 15° C. and 750 m7n. Ftrui the 

trut formula of the Huh<flnncc. 
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0-2010 g. yielded 0-3049 g. carbon dioxide and 0-1040 g. water. 

per cent, carbon ^ = 41-37 per cent. 

, _ , 0-1040 x 2 x 100 

and per cent, hydrogen = — 6(\u \ — “ 6-75 per cent. 

X 1 *6 X 17 

11-6 c.c. of iV-HC neutralise — nw» — 8- which contain 

lOUU 

11-6 X 14 

— jQQQ — g. nitrogen. This is derived from 1 -01 g. of the substance, 

which therefore contain 

11-6 X 14 X 100 ^ 

per cent. N 

per cent, nitrogen = 16-08 per cent. 

0-2066 g. of the substance produce 0-5544 g. BaSOi which contains 

0-5644 X 32 


233-4 


g-S; 


^ , 0-5544 X 32 X 100 

percent, of sulphur == = 36-79. 

^ ^ 233-4 X 0-2066 


Percentage compr>attion of the substonco. Relative number 

of atoms. 


Carbon 

•il-37 per cent. 

• 

41-37 

12 

= 3-46 

Hydrogen . 

6-75 „ 


5-75 

= 5-75 

« 

1 

Nitloei'Il 

16-08 „ 

• 

16-08 

”14^ 

= 1-15 

Sulphur 

36-79 

99-99 

• 

36-79 

32 

= 1-15 


(It follows that no oxygon is ])ri'sont.) 

Simplest formula is = C 3 H 5 NS. 

The molecular weight is the weight of 22-4 1. of the vapour at N.T.P. 
760 273 

^ ^ ^ C.c. vapour at N.T.P. weight 0-1015 g. 


. •. 22-4 1. vapour weigh 


0-1015 X 22400 X 760 X 2S8 



27-96 X 750 X 273 
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Molecular weight = 86*9. 

Molecular weight calculated from formula CaH^NS = 87. 

/• true formula is C^HjNS. 

(21 A certain organic substance was shoum to contain carbon 

hudroaen nitrogen and chlorine. No test for oxygen was attempted, 
nyarogeiiy aoa 91 /» nnvp 0 ‘’506 a. carbon dioxide 

In a combustion analysts 0-2021 g. gate u -ouo g . , o-onoo 

and 0-0854 g. waUr. In a determination by Durnas method 0 -OOo 
Taave 2‘>-34 c c nitrogen measured at 778 mm. pressure and 20 C. 
HrZiiu potash solution of u.p. S mm. In a Ca^us ^ctenn^ 
0-3412 g of silver chloride was obtained from 0-2o31 g. of 

%-f07 of the substance lowered ' « “4o') 

C.C. of water by O-SOS^ C. “Tach contains 

0-2021 g. of the substance gives 0-250 j g- L a. 

0-2506 X _12 g 


44 


0-2506 X 12 X 100 __ uer cent. 

Carbon = 44 x 0-20^ 


0-2021 g. of the substance gives 0-0854 g. water, which contains 
g. hydrogen. 


9 


0 0854 X 100 4.(59 cent. 

Hydrogen = 9 x 0-2021 ^ 


g 


0-2005 g. of the substance yields 22-34 c.c. ^ 

and 20“ C. .'.e., 22-34 c.c. dry N. at 778 - 8 mm. and 20 C.. 

770 273 of "M T P 

= 22*34 X X ^ c.c. at N.T.P. 

22-34 X 770 X 273 X 28 
"" 760 X 293 X 22400 

22-34 X 770 X 273 X 28 X 100 ^13.15 percent. 
Nitrogen = “7GO X 293 x” 22400 X 0-2005 

0-2531 g. of the substance yields 0-3412 g. AgCl containing 

0 3412 X 35-4^ chlorine. 

143-33 

_ . 0-3412 X 35-45 X 100 _ :i3-35 ner cent. 

Chlorine = — 143 33 >^0-2531 
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Percentage composition. 


Relative number of atoms. 


Carbon 

. 33-82 

33-82 

12 -2-82 

Hydrogen 

. 4-69 

4-69 

— = 4-69 

Nitrogen 

. 13-15 

13-15 

14 =0-94 

Chlorine 

. 33-35 

33-35 

35-45 = 

Oxygen (by difference) 

85-01 
. 14-99 

14-99 ^ 0-94 


10000 

16 


Simplest formula = C3H5ONCI.' 

Molecular wt. corresponding to this formula 

= 3 X 12 + 5 + 16 + 14 + 35-5 = 106-5 
Molecular weieht is given by the relation 



CU) 

SM 


0-308 = 


1850 X 0-707 

20J7 

1850 X 0-707 
20 X 0-308 
212-3. 


This is approximately twice the molecular weight corresponding to 
the simplest forii.-ila. The true formula is therefore C^Hi^OjNgClj. 


QUESTIONS 

fl) Explain tho methofi and principles involved in the detection of (a) 
sidplmr; (/j) the hnlo^;en!}; (r) nitronen in an organic compound. 

(2) UeaiTibo tho iiuitliod einployetl to tleterraine tho proportion of carbon 
nu i hydrogen in a conjpound. 0-35G g. of a solid hydrocarbon gave on com- 
l>ustinn 1-2-22 g. of carbon dioxide arui 0-200 g. of water. lU vapour density 
piy<lrogen = l;wasO-i. What was its formula? 

(3) JIow may tho proportion of nitrogen in a compound be dotermlned? 
<• 200 g. of a compouiul on combustion yielded 74-6 c.o. of nitrogen gas at 
-N /I .P. In a second exporiinent 0-200 g. yielded 0-147 g. of carbon dioxide and 
0- 1 1 g. of water. The compound contains only carbon, hydrogen, nitrogen and 
possibly oxygen. I uni its simplest formula. 

‘ It may bo noted, as a useful check, that tho sum of atoms of odd valency, 
r.f/.. II, Cl. etc., 1011.-^1 be an et-cn number. Thus in this case, tho total being 

+ \ + clear that this formula cannot represent any stable com- 

pound, and tho indication ih cither that the formula roust bo doubled for 
cjuadrupled, etc.) througirout, or tlmt a mwtako has been made in analyses or 
calculutions. 
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(41 How is the proportion of sulphur and of the halogens in an organic 

compound detcrmuied? „ ^ substance produced 0-40G g. of silver 

In a Carius determination 0 30-.S- vieldcd^-4-23 g. of carbon dioxide 

chloride. In a combustmn analysis 0 20.5 g. >ield t Find the 

and 0-1906 g. of water. The vapour density is 5.J o 

“7^0" “ r a 

tho practical procedure froyo at 5-40*^^ C. After di&solvmc 0-2 g. of a 

ee'^lin^rar IS . 48; C. If tho .h, foratala 

certain soiiu 1 ^ p, what is ita true formula? 

of the compound is OsHsCl, wnaL i» * 1.3 v 


appendix {see page 4) 

1 -♦an or, „ of tluo purest anhydrous sodium 

Grind together in a j„sf and keep the reagent in 

carbonate and 60 g. of erciarqualitv is not satisfactory 

S halo'gL^ "d nTuogan into aodiant haUdes a..d cyanide. 

and sulphur into zinc sulphide. of it in a small 

If the substance to be tested is solid, j t Sl,^l,e 

dry hard o? rtt^TonTop ef the mixtnre. If the 

weU. add a further ^3 cm of r^ge ^ reagent; cover 

substanco is a liquids add 2- ©ithor case, take the test-tube 

with 3 cm. more of the reagent. Then 

in a holder and Ix-at the Slowly expend tho heating untU the 

real's 

UXd ‘^ter I" an '‘evaporating baein. I3od gently, allow to coo. 

‘‘“!l“rde“he“te‘‘Sto®tw: parm. and teat these for cyanides and 

halides as in Lassaigne’e test (P- **)• oiacinc a drop of load acetate 
The test for sulph^ c"' of .ui^at^h^Soric ac'id to tho residue 
on a filter-paper. Add 10 c.c. ° the filter. If sulphur was present, 

in the basin and at onoe^^ the 
a dark brown colour will appear on vu 
hydrogen sulphide may bo noticed. 
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THE PARAEFIN HYDROCARBONS 

A HYDBOCABBON is 8. coHipouiici copt Ainin g hydrogen End c&rbon 
only. An enormous number of these hydrocarbons exist and the 
relationships between them can only be understood by the aid of 
structural formulae, representing the manner in which the atoms of 
carbon and hydrogen are arranged in the molecule. 

Once the principle on which these formulae are built up is under- 
stood, it is possible immediately to write the formulae of all the 
simpler hydrocarbons and their simple derivatives. 


Linkages.— The atoms in a chemical compound can be 
Imkeci in three ways. 

(1) Polar LinkarjM. — The acid and basic radicals of acids, alkalis and 

salu arc held together by electrostatic attraction. The acid radical has 

more electrons tlian tho uncornbined atoms which compose it, and is 

ll.oref.jro negatively charged: tho basic riulical has fewer electrons and 

IS tl.eref-.ro positively charged. The electrostatic attraction between 

these oppositely clmrged atoms or groups holds them together. 

Jims a chlorine atom has seven electrons in its outer ring and a 

Kodmin atom has one electron in its outer ring. When sodium and 

ehloniio cornbino, tho eorliura atom loses its single outer electron and 

heeomes positively eluirged, while the chlorine atom gains this electron 

nn-1 becomes noguiively charged. 'J'ho structures so formed have both 

.r outer electromc rmgs and are therefore stable arrangements of 

c -,c rons. 1 hey are -.{.positoly charged and so are held together by 
( loetrostatic atln.eiion. ® ^ 

< < mpc.vnuls linked in tliis way are dissociated into ions in solution. 

-onaran* T' Tr a polar linkage from tho other tj^pes wo 

braekets. component atoms or groups by square 

C'Is -f 2Na = 2Xa*[Ci]'. 

Tho carbon atom cannot bo linked by polar linkafroo 
the formula, of such of its 

involve Imkap of tl.is t>q.o. Weak acids probably exSt bo’th in the 
polar and m the covalent (s^co below) form. ^ ^ 

CU 3 • C • Oil - rCH, ■ C ■ 01-H+ 


O 

Acetic aci-I 
covalent form. 


[ 


1 


O 

Acetic aciil 
ionisablo form. 


30 
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types of valency linkage 

( 2 ) Covalent Unlcages.—Tho vast majority of Unlmges connecting the 

atoms of organic compo^ds am , sharing of two electrons, 

A covalent linkage is brought about ^7 ^ 3^ 

“hSrife r“g%each=^he nun>ber of eight (in the 

case of hydrogen, two). 



Fio 12. — Dingnon illustrating 
structure of Methane Molecule. 


^ *1 rw mav bo taken to iUustrate covalent 

,in“gelX“r2,”'ir“e tnc?, sinTp.y sytnhoheed aa 

a 

h+c+h 
+ • 

H 

where - represents the is represented 

eloctrons contributed by hy g • should bo remembcr©<i that this 
in the written formula by a 

line represents (WO and are not broken up by electrolysis. 

wfree^i‘f"epUons\hey are the means of linking the atoms of 

atom contributes both the elo - ^ hut probably occurs m 

The case is uncon^on m Ithenitro-compoimds. The linkage 

carbon monoxide, the t«o-cyani ^ -hiting from the donor atom which 
is B3anbolised by an a^ow -► accevlor atom which receives thorn. 

linkages are also known *J® convoy by each of the single linkage-s 

thSrcS^n amrshara^ r«tron/orig^inaUy belonging to it. with 
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THE PARAFFIN HYDROCARBONS 


the oxygen atom, and that the oxygen atom shares an electron, originally 
belongmg to it with the carbon atom. The arrow signifies that the 
oxygen atom shares two of the electrons originally belonging to it with 
the carbon atom. 

Remembering that the carbon atom has fotir valency electrons and 
the oxygon atom has six, we see that in CO the carbon atom has: 

Electrons originally belonging to it, and unshared ... 2 

Electrons originally belonging to it, and now shared with the 
oxygen atom: 


Two single linkages . . 2 

Electrons belonging originally to the oxygen atom and now shared: 

Two single linkages ... 2 

One co-ordinate linkage . . 2 


Total number of electrons rotating round the carbon atom 


The oxj'gen atom has; — 

Electrons originally belonging to it and unshared . . 2 

Electrons originaUy belonging to it and shared with C atom: 

Two single linkages ... 2 

One co-ordinate linkage . . 2 

Electrons contributed by C atom. Two single linkages . . 2 

Total number of electrons rotating round C atom ... 8 

to th; 

The state of affairs may bo sjTnbolised as: — 


‘Clot 

o 


whore the electrons from the carbon ;u-e written as 
oxygen na o . 


. and those from the 


OrbitaIs.-JIodcm ideaa on the struo- 

tore of t ho atom envisage a central nucleus W'ith a positive chanre 
.urnmnried l)y oicctroiia which have a negative chnrgo.^The electroS’ 
ncuatuo charge neutralises the positive charge^on the nucleus 
(. rigmnlly It was supposed that the electrons moved in \)rbiU which 

on e oner" ThZT^of 

rourul thUr o^'bits as definite. The electrons 

K, L nml M ““ohMrn K ?””* P'-“’'^iP‘‘> eMtey lovels known an the 

.hoped; an electron moving within one is com^re^to^e con&“o‘l 
region ,>f space bounded by the surface of a sphere. TheV orbits 
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theory of MOLECtJLAR ORBITAES 

like a dumb-beU in shape. A single orbital consiste of two the 

• ^ rkf wVfcioh ar© collinear and m60t at tho nucloua of the atom* 

definite directional character. 


z 




Three p Orbitals. 



px Orbitol. 


.... or... nrhital is related to another electron 

The number of can bo in one of two directions. 

property, the property of ^ two 0100^003 and these must have opposite 

K level. There is »"'y pi pp . orbital. Carbon has six 

Hence ‘he e^tron m hj fe ^ ^ Two more are 

“modlw to {r. orbital of L shell. The L shell also has throe 
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p orbitals. These are arranged at right angles to one another (see 
diagrams). Thus if one arranges rectangular co-ordinates such that the 
origin is at the nucleus of the atom and the z axis is along the major 
axis of one of the p orbitals, the other p orbitals will be arranged so that 
one orbital has its major axis along the y axis and the third has its axis 

® gives a method of distinguishing the three p 

orbitals, which are called p^, py and p*. The remaining two electrons of 
carbon are accommodated in two of the three p orbitals, say the p and 
Pv‘ A p orbital will not take a second electron until the othe/ two 
orbitals each contain at least one electron. 

19b.— Valency of Carbon.— a single convalent linkage is formed 
between two atoms when an unpaired electron of one atom pairs with 
an unpaired electron of another atom. The pair moves in an orbital 
conmon to the two atoi^. Tliis common orbital is called a molecular 
orbital. In bond formation only electrons in the outer principal energy 



Arraiip'inont of ^'Jrbitals in .Methane. 


e!n‘l'on^Ul.*;ts* On this basis one would expect 

•dw.n-8 ciu .dnvakui Actually it is ntirly 

n pnnnotion of on l nf of carbon is accounted for by 

V orhitiil 'Iho I Hholi tl ectrons of the L level to the imoccupiecl 

one c e ctrou ^ho and iV" T" ^ .p3. that is. there is 

tal.es 1 luce . usi' V been ..nH *" ^ of promotion 

an. ?oar unna rM n? energy change involve.! is small. There 
•lilllcuhv renc r available for bond formation, but a 

ngiuati;a/w.nd./^ covalent bonds formed from con- 

founh w.itild bo difToroiu ^ ^ other, but the 

that tho four ho,i,h, of carbo,. aro . '.rir’'’’'’ established 

of promotion is follour*^ \ x- fi same, lo explain this tho process 

hyltrldisa.i";: U,o “ and\bVo:'u'iVT,ir;"'^ In 

from tho mivtiire four together, and there 

tho atom to give a spatiailv s\Tnm' "’ *'‘^** fr^^rn the centre of 

b e a spatially s>Tnmetr.oal arrangement of orbitals. This 
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ISOMERISM OF THE PARAFFINS 

orb^l^w^o^Vp tl°a 00 ™/ of 

the tetrahedron. ^^thune may be considered os an example 

A saturated compo^md, ^ orbitals of the carbon after sp^ 

of this type of hybridisation. ^ orbitals of the liydropens 

hybridisation are as m the ‘ha^a . bonds are formed. The 

overlap each of the <^bon i ’ , , with tlxo s hydrogoii orbitals 

overlap of the hybr.d ^rbha^ v.tl> 

results in the formation of the carbon and hydrogen 

a molecular orbitals. region of space dehned by the 

are considered to be are^four molecular orbitals each 

molecular orbitals. In arbon and one from the hydrogen 

containing two electrons one from the c^ ^ 

TZy SySrUo^o^o^Ut^all coorpound. in n-bich a carbon 

retrn^apt-;itn^ 

of hybridisation tak^ hvbridiing as for spMiybridisation 

instead of one s and fh^eo p . ^Vo can assume that the ^ 

only the s and two of the p hy nrbitals are sjnmnotricul about 

hybridise. The resulting miue angles of 1200 

^^^t,rJroZr. ‘'C p. ^"bital rcnaL unaffected (aee d.„gra.n). 




, t «vfimnle Both carbon atoms undergo 

One may consider oUiylone^ links two hydogens and the other 

ay>2 hybridisation. Each BUetche<l. The nuclei of the six atoms 

carbon and the urrangeme ^ molecular orbitals of the a 

of ethylene are carbons are unaffected by the hybn- 

type. The p, orbitals of overlap partially; this results 

disation but on ®'. ™oiocular orbital which is occupied by the 

in the formation of a ™ \ ‘ l,ut a typo known as tt. The orbital 
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This picture agrees with the older electron theory of the double bond 
in placing four electrons between the two carbons. The newer theory 
pictures two of the double bond electrons in a a molecular orbital: two 
in a TT molecular orbital. 

There is one other important point the molecular orbital theory 
explains. If one were to rotate one of the CHg groups in ethylene about 



Overlap ps Orbitob. 




the axis of the carbon to carbon bond then the overlap of the p* orbitals 
would bo lessened and the double bond arrangement would become 
unstable. Therefore the molecular orbital theory suggest that there can 
bo no rotation about a doublo bond. This explains geometrical or 
cis-trnns isomerism; cxi>mple8 of such isomerism are maleic and 
fumaric acids. 

hybridisation accounts partly for the structxire of benzene. 
With sp- hybridisation of a” the carbons of benzene one obtains the 
piano regular hexagon with the carbons and hydrogens co^pl ft nar; a 
structure in full accord with experimental evidence.^ 

The tliird typo of hybridisation the sp^ carbon configuration may 
uiidetgo is sp hybridisation, which leaves two of the p orbitals (say 



Fa} The resultant orbitals of sp hybridisation are 

shown. The two orbitals pomt in opposite directions; the major axes 
of the orbitals are coUinear. In acetylene tlie two carbons undergo sp 
hybridif^tion, leading to the formation of the two CH and the CC 
bon^. The p* orbitals of the two carbons overlap as in ethylene leading 
• Soo undor etructure of benzono (p 340)* 


STRUCTURAL FORMULAE 


”S'S JjrSiUXS* “5 .-'SS.Tii ». ».«■"- 

two -r orbitals with two electrons m each of them. 


20. Structural Formulae. — Carboi^ is qua<lrivalent 
reason to regard all four of its valency Unkages as 
strength and alike in every respect. 


and we have 
being equal in 




Fio. 13.— Representation of the Formula of Methane 


It i. possible by the process described - 
msUe sLh a compound each a 

rrrc%r a&rbl Urrees so obtained are identical 

^ -vss 

valencies ^ro distributeu m i distance from each 

attached to the carbon atom ^e^a^a 

other; the valencies carbon atom is the centre. 

imaginary the atoms of such a compound os 

Thus the actual arr g valency bonds being 

naetbane. C«.. - ‘“/:|;i\Vi:agi te^trabedron by 

r ^ Since this arrangement is difficult to represent without 
dotW hues. S.n« th^ang^^^ ordinarily draivn with the valency 

careful drawing, the tormm 

bonds as long as its limitations are 

representation IS f apparent in the asymmetric 

rorpourd^dilcurerin chapters XVII and XIX. hut a simpler 
illustration may be of interest here. 
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The plane formula (Fig. 13, 11) would indicate two compounds, 
(methylene iodide) of the formulEe (I) and (H), which could not 
be converted one into the other without breaking one of the valency 
bonds, whereas in fact only one methylene iodide existe. 





H 



Thi' thror'-diinensional formula (III) remains identical in every- 
thing save position when the iodine atoms are placed on any two of 
the valency bonds and thus correctly indicates the existence of only 
one methylene iodide, 

In writing structural formulae we draw the bonds of any length we 
may fancy and incline them at any angle; but the atoms in the 
molecule are arranged in a fixed pattern and at fixed distances. 
Thus Fi". 43 shows the arrangement of the atoms in glucose, while 
oil pp. 1^70, 277 there are two quite correct but quite different ways of 
writing the structural formula. 

If, however, it is not forgotten that plane structural formulae are 
a distorted representation of three-dimensional formulae, we may use 
them to represent the structure of organic compounds with re- 
markably accurate results. 

21. Classification of Hydrocarbons. — Hydrocarbons are of three 
main types as indicated below: — 

(1) The Paraffin Hydrocarbons . — These have the formula 
where n is a whole number. The carbon atoms in them are 
joined by single linkages only, and are not linked into rings. 


the paraffin series 
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H H H H 

1 1 

M— C— H H— C— C 

I 1 i 

H H H H 


H H 


M 


H H 


•U H— C— C- 


-C- 


H H U— C— H 


-C— C— H 

1 1 

11 H 


I 

H 


Methane. Propane. 3-Me,hylpenr«ne. 

Only this t 3 T)e of hydrocarbon is dealt with m the succeeding 

P'nsahiroled flydrocorbons.-Unsaturated hydrocarbons con- 
tato two^fmore carbon atoms linked by a double or triple valency- 
bond (t). Chap. XIII). Examples are;— 

H H 


H H 

H H 

1 1 

1 1 

C*C 

1 

C=c— C— H 
1 1 1 

1 1 

H H 

1 1 

H H H 

Ethylene. 

Propylc»no. 



H II 

Kthylacotylono ( 1 -Biitine). 


m Cvclic Hvdrocarbons.^Theso contain one ui 

composed of closed chains of carbon atoms joined by either 

saturated or unsaturated linkages. 

H H H 


H H 


C 



H— 


H H 


H— C C— H 

Xc/ 


C\/C ^ 

H_C C C-II 

Lh 


11— c 


X, 



cj/c/oButane* 


H H 

Naplitlialone. 


H 

Benzerio- 

paraffin hydrocarbons 

22. The Paraffin Series.— Rein<-inb(.ring 

(1) that tho valeiicj’ of carbon is four, •„„i„ 

2 that aU linkages in tho paraffin hydrocarbons are single 
it ^ interesting to predict what hydrocarbons of this typo are 

^°tylrocarbcm unth One Carlon dkim.-Clearly only one hydro- 
carbon is possible — 
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H 

I 

H— C— H 

I 

H 


which is known as methane. 

Hydrocarbon with Two Carbon Atoms . — Again only one hydro- 
carbon is possible if we consider all the linkages on a carbon atom to 
be identical. 


H H 

H— C— C— H C*H„ ethane. 

I I 

H H 


Hydrocarbon with Three Carbon Atoms . — Here again only one can 
exist. 


H H H 



H H H 


CjHg, propane. 


It should be noted that the formulaj (I) and (II) are identical, 


H 

1 

H 

II 

H 

1 

H 

1 

j 

j 

H 

1 

1 

H— C- 

C— H 

1 

1 

H 

I 

u 

! 

11 

li 

1 

H— C— H 
1 





1 

H 


(I) 



(ID 


the second being only the first bent at right angles. A single bond is 
considered to allow the carbon atoms attached to it to move or 
rotate in any way as long as the bond is not broken. 

formula (II) can readily be turned into (I) by bending it straight 
and rotating a hydrogen atom to the other side of the carbon atom. 
Xo bonds would have to be broken in order to do this. If the formula 
is written three-dirnensionaUy (as in Fig. 13) it nill bo seen at once 
that only one such arrangement is possible. 

HydnHarbun.s with Four Carbon Atoms . — Here we have two 
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possible structural formulae, both of which can represent the formula 

CfUjo, 

H H H H 


H 


! I I I 


and H — O 


H 

I 

-C- 


H 

I 

-C— H 


H H H H 


H 


H 


(I) Normal Butane 


H— C— H 

I 

H 

(II) woButane. 


and formula (U.) cannot be converted into formula (I) without 

breaking a bond and moving a hydrogen atom. 

Two compounds of the above formula do m fact ex^t very 

similar, though not identical, in chemical properties, 

different phyScal properties, e.g., boding points and ^nd 

liquid state They a« caUed normal butane or n-butane (I) and 

ieobutane (or trimethylmethane) (II). + 1 , ^ «rvmr^rtnnd«; 

Hydrocarbons with Five Carbon Atoms.-Here three compounds. 

all of the formula ®^re possible. 


H H H H H 



H 

1 

H— C- 


H 

1 

-C- 


H H 

i-U-H 


H H H H H 


H 


H H 


H— C— H 


(I) Normol Pentono, 


H 

(II) jsoPcntane 
(or diinetliylotljylmotlione) 


H 


H 


H 


H— C O 


H 


H 


U— H 


H 1 H 

H— O-H 


H 


(III) neo-Pentane (or totramothylmethano) 
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Note that the formula 


H H 

H H 

1 1 

1 1 

-C C— H 

1 

1 1 

H H 

1 

H 


H— C— H 


H 

is identical with (II) and is obtained from it by lifting the formula 
off the paper and lajdng it on its reverse side. 

Hydrocarbons with more than Five Carbon Atoms. — As the number 
of carbon atoms in a hydrocarbon increases, bo the number of 
i.somerides, or compounds with the same formula but different 
propcrtie.s and structure, increases rapidly. There are 802 possible 
compounds of the formula CjsHjg and, though all these could doubt- 
less be prepared, in fact only one tridecane, the normal hydrocarbon, 
is known. 

All the forty possible paraffins with eight carbon atoms or 
less have been prepared but of the higher hj'drocarbons as a rule only 
one isonieride out of the many thousands possible is knowm. 

(icne.ral Formula of the Paraffin Series. — The formula of any 
iiH'iubcT of the eerifri must bo Cnlijn + j. By examining any of the 
forimil;*' on p[). 4)1, 44, it will bo Keen that the end of a chain of 
carbon atoms must bo the group — Suppose a hydrocarbon has 

n carbon atoms arranged in a chain without brandies, there will bo 
two ’ll 3 groups and (71 — 2) —(.'Ha - groups, 'fho formula will then 
beCj.i.,, 2Hg+.2^„_2>urC„ll2 „+a. 

Suppose, however, that the chain is branched. The carbon atom 
at tl,'* jiitu'iion irom which one n<‘w chain of atoms arLsos will have 
"Illy till" hydrogen atom attached to it. The new chain will, however 
Itave !tT its end a - ( 'H 3 grou]>, so that the total number of hydrogen 
at«»ii!s i^ the same in a branched or unbranchctl chain. If two new 
l iiains of atoms start frtmi the same carbon atom this latter has no 
liV'liogcn atom attucb.ed to it hut two more -('II3 groujis will be 
l>icsciit. Thus all parafliri hydrocarbons have the general formula 
* j 1 1 2 it t a* 

2d. Homologous Series. — croujiof I'lii-mically similar compounds 
in \diich each iiieiulu'r ditlers from the next by the presence of 
an additional -(‘H, group is called a hornoloijous series and the 
members are calleil houuAogues of each other. 

1 be physical properties ol the members show a steady gradation. 
1 hn.s, each ailditioti ol a —C'Hj— group iiu ' tlu' boiling point 
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ISOMSKZSM OF THE PAJlAFFRiS 
General Formula + 2 - 


One Meihane, CH,. 


One Ethane, C^H,. 


OTie Propane, CsUb- 


H 

I 

H— C— H 


H 

H U 



U H 
H H H 



I I I 

H H H 


Two Butanes, 

H H H H 



uu 


H 

I 

H— C- 


H 

1 


11 




H 


H 


H— C— H 



Three Pentanes, 

H H H H H 

I 1 


I I I 1 i 

H H H H H 


H H 

H 

1 

H 

1 

1 1 

I 

n 


— O— H 

"'IT 



1 

H 


H— C— H 


H 
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Five Hexanes, CaHi 4 . 

HHHHHH HHH H H 



HHHHHH HHH H 


H— C— H 

I 

H 


H H H H H H 

I I I I I I 

H_C— C C C— C— H H— C— H 

H H H H 

II -C-H 

1 

11 H I H H 

H~C— H 

I 

H 
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methane 

and density by a -^lar.y d_e™g 


^ — 1 1 


Number 

of 

carbon 

atoms 

Name 

Formula 

^n^2n*Z 

1 

1; 

Density 

StKtt* at 

1 0 ® c. 

M.p- 

'"C. 

B.p.®C. 

1 

2 

3 

4 

5 

6 

7 

Methane 

Ethane 

Propane 

n-Butane 

n>Fentaoe 

n-Hezane 

n-Heptane 

ciu 

CjHe 

C 3 H 3 

C 3 H 12 

CeH^4 

C 7 H 13 

0-4l5/-i«0'^ C. 
0-446/0® C. 
0-536/0® C. 
0-600/0® C. 1 

0-627/14® C. ! 
0-658/20® C. 
0-683/20® C. 

G»ks 

Oa» 

Gas 

Goa 

Liquid 

Liquifl 

Liquid 

-18h 

-172 

— 1 i>n 
-63 
-45 
+ 1 
36-3 
69 

98 

10 

n-He*adecane 

C 13 H 34 

0-775/18® C. 

Solid 

18 

287 


CeoWi 22 


Solid 

101 

Decoin 

60 

n -Hexacontane 



pOSC'4 





■ 

a 



The ohenucai properties of the -embers o - 
what similar way; 

and unreactive that It IS difBcu P compounds are 


23 a. Alkyl compounos.-^ "bv a process o( subMution. that is 

S:re"»mtoVy'rdirecU;.™h.orine compounds, a hydroxyl com- 

pound, cyanogen compounds, .rroun for a hydrogen atom 

The substitution of a ,o u-jalent ^oup for^ 

giTes what are kno^vn as meMyi compounds, 

cdven to the univalent group — C 3 - 

H H H H 


H— C— 


H-C^Cl H— O-OH 


^ 1 * \i 

wie. Methyl leal. Me.hy“ hloHde, 

I o*;f,.tion of a univalent group for one 
ZZoZl’j: ives an Ciyl compound:- 

if 

II . 1 J. Tj r* f' — l^r H — O 

H--C— C— H 


H 


I 1 

H H 

Ethane. 




H H H H 

Et).yl rodicul. Ethyl bromide 


H H 

Ethyl hydrogen buI 
phide (inercn|>ti»n) 
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In general, the substitution of a single univalent group for a single 
hydrogen atom of a paraffin hydrocarbon is said to give an alkyl 
compound: — 

Cnllan+a CnHj„+iR 

I^arailin. Alkyl radical. Alkyl compouDd. 

The substitution of other groups for two or more hydrogen atoms 
also occurs, as further explained in §§ 24, 54. The nomenclature of 
such compounds \vill be discussed as and when they are encountered. 

INDUaDUAL HYDROCARBONS 

24. Methane. CH 4 . — OccurTenct . — Methane occurs naturally — 

( 1 ) in ‘natural gas’ evolved from oil-weUs (§ 20 ), 

( 2 ) in the gases evolved from coal when it is mined (‘fire-damp’), 

(3) in the gas evolved from swamps, pond mud, etc., in which 

vegetable matter is undergoing bacterial decomposition in 
absence of air. 

In all the above cases methane is the final product of the de- 
composition of organic inatU»r, for there is little doubt that petroleum 
and tlu' gases a.ssociated with it are derived from the decay of minute 
forms of nuirine life (.see, however, § 26). 

.Methane i.s evolvetl fro?n coal and wood when they are destructively 
distilled an<l therefore oci-urs in coal gas to the extent of about 
35-45 per cent, by vcdiime. 

LiibonitoTn Prcjinnition. — Methane can bo prepared: — 

(1) By the mtion (tfalkalis on an acetate. Sodivim hydroxide, in 
the lorrri of soda-litue, .an<l anhvdrou.s sodium acetate are eommonlv 
emj>loved. 


1 


ft • 

i 

.ONa 

II- -< •- ( OXa 

: ll-ONa 


0 = C 

' il 

]i (1 


11 

\0Xa 

S* • 1 n 1 Tf 1 .i' t 

-• ill. till -= 

1 • N • 1 M 

M * ^ ni 1 u‘ ^ 

So^Iium carbounte 


nth,-r p liy. lr»)r.ir!)otis may In* j»repan*d bv using the salts 

( t liomoloL'Uf-. ct jie<*ii<- acid, riins, a mixture of sodium butyrate, 
^ ^ ^^3 -dl.j — t n„Xa and M>da-liiiu‘ yields pr(>j)ane 

The gas so obtained is not very pure, and contains livdni-'en: 
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an 


ethylene, and traces of complex compounds which give it 

emjwreumaiic odour, as of burnt wood. 

ExpL 1. To prepare Melhane.Some sodium acetate is 
melted on an iron tray and heated untU its water of crystalhsa- 
tion is driven off, when it soUdifies. By furtl.er beating the 
resulting soUd is melted, and then aUowed to cool^ It is 
powdcrfd and 10 g. of it are weU mixed with 10 ^ of 
Ld loosely charged into a hard-glass test-tube. The mixture^,, 
heated and the methane is coUected over water. An iron tube or 



Fia. 14.— rreparation of Metlmna fro... Sodium Acetato. 


copper 6 ask may with advantage replace the hard-glass test- 

( 2 ) ' The action of aluminium carbi.lc on water yields methane: 

Al.C* + 12HaO = 4AU0II)3 
The aluminium ^arb^de wth ^ 

reaction. The methane is action of the zinc-copper 

(3) Pure methane is best ^.nth alcohol . 

or aluminium-mercury couple on mctn> i lo 

Zn + 2 H 2 O = Zn(OH)a + 

CH 3 I + 2H = CH* + HI. 

Expt 2. Preparalion of Methane from Methyllodid^-^ctui, 

the ?pparatuB shoivn in Fig. 15- In tlie comcal HasU ,.l.cc 
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about 25 sq. cm. of aluminium foil cut into small pieces. Have 
ready a mixture of 10 c.c. of methyl iodide and 2-5 c.c. of methyl 
alcohol. Remove the flask and pour on to the aluminium a 
solution of mercuric chloride. Within about a minute the 
aluminium becomes coated with mercury. Pour off the liquid 
and at once wash the metal twice with methyl alcohol. Pour 
over the aluminium about 10 c.c. of pure methyl iodide, replace 
the flask and allow the mixture of methyl iodide and alcohol to 
run in from the tap-funnel. A rapid reaction takes place and 
methane is evolved. The gas contains methyl iodide vapour, 
which is best removed by passing it through an empty XJ-tube 
cooled by a freezing mixture. 



Fit*. I*}.— I'njpuriitiou of Methfine from Mvtliyl lotiiJo. 


{4) The notion of wator on dimetliyl/.inc or mothylmagnesium ioclido (§§ 161, 
103) givc‘9 puro mollmru*: 

Zn(CH3)2 -i- SHgO Zn{()»). + 2CIU. 

+ HoO * CK.t + Mgl(OII). 

(5) Motliano is prr>d I 'od in sewogo works whoro tho fludgo is act<>d on by 
anajrohio bju'iorin in rluscd tnnks. Tlio qimnlity of gns protluced may be 
to provid * tho powor ro<juirfd by tlio plant. 

Physical Properties of Methayie. — Methane is a colourless, odour- 
If.sa an<l non-poisonous gas which is much lighter than air, its 
density H (hydrogen = 1). It is licineficd only ^'^th difficulty 

(b.p -l(;n C.). It ia very slightly soluble in water, of which lo'o 
volumes <lissolve about 3 volumes of tho gas at 15° C. 

Chemiral Properties of Methane. — Methane is extremely stable, 
Ix ing unanected by any of the usual reagents with the exception of 
chlorine. 

Methane burn.s m oxygon to carbon dio.xide and water, burning iu 
air with a blue or faintly luminous flame. Mixed with air it forms an 
e.xplosivo mixture when as little as 5 per cent, is present. 

Methane can V)e direetly oxidi.<cd to methyl alcohol and formalde- 
hydo in prosoiico of suitable cntaly.sts, but the process is not available 

on the laborator\' scale. 

% 
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ETHANE 

The action of chlorine on methane ia typical of its action on many 

other organic compounds. j 

If a mixture of chlorine and methane is sparked or exposed to 

bright sunlight an explosion takes place and c^bon and hydrogen 

chloride are the products: CH* + 2 CI 2 “ ^ ^ , , 

In diffused dayUgbt substitution of chlorine for hydrogen takes place 

and methyl chloride, methylene chloride chloroform and carbon 

tetrachloride are produced, together with hydrogen chloride. 

H H 


H — C — H + Clj = H — C — Cl -f HCl 


H H 

CH^Ci + CU = CHjCla + HCl 
CHaClg + CI 2 = CHCla + HCl 
CHCI 3 + Cla = CCI 3 4- HCl. 

The products are sometimes kuoum as mouochlorometbane. 
diehlororthane. triehloromethane and tetrachloromethane re- 

'"xt^Ltion does not constitute a 

owing to the difficulty of separating any one of the four cl. loro 

paraffin hydrocarbons in greater 6 ‘r*f little affinity ’ 

‘naraffin’ is derived from the Latin parum affinis, of little attinity. 

M Etwe c7h. -Ethane occurs in natural gas and to a smaU 
Ethane. Cjtte methods used to prepare methane 

:re“av“da&c for the preparation of ethane. Thus the gas may 

'^(irB^the^Iction of alkalis on a propionate (see Expt. 1): 
CHaCHjCOONa + HONa = CHa'CHg + NajCOa- 

(2) By the action of the zinc-copper 

couple on ethyl iodide in ethyl alcohol (see Lxpt. 2). 

CaHgl H- 2H = CgHg + HI. 

(3) By the action of diethylzinc or othylmagncsium bromide on 

■ 1 — • 

suitable fatty acid. 
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(4) Methyl iodide, dissolved in ether, may be treated with clean 
sodium: 


CHal 

+ + 2Na 

CHsI 


CH, 

I + 2NaI. 

CHa 


This method, known as Wurtz's reaction^ enables us to make any 
paraffin from the halide of a paraffin having half its number of carbon 
atoms. 

(5) If a solution of an acetate is electrolysed, ethane is formed at 
the anode. The salt ionises into metallic ions and acetate ions 
CHg'CO'O”. These are discharged at the anode and form ethane and 
carbon dioxide. 


2CH5COO- — 2© = CjHe + 2CO2. 

The gas is passed through concentrated caustic potash to remove the 
carl) 0 !i dioxide. 

This method enables us to make a para ffin containing n carbon 

atoms from a fatty acid of ^ + I carbon atoms. 

(6) A mixture of ethylene, (§ 168), and hydrogen is reduced 
to ethane when passed over heated nickel: 


Properties . — Ethane resembles methane closely. It differs in its 
vapour density (15, hy<lrogen = 1) and in its higher boiling point 
( -93’’ 0.) and melting point ( - 172'* C.). 

In its chemical properties it ret :nble.s methane strongly. Ethane 
burns with a bright tlame. 

The action of chlorine profluces six different substitution produote 
of formuho: 


C2H5CI. C.HjClj, CJIaCla, CnHC\^, CaCl,. 

In other resports it is, like methane, highly inert. Propane, 
C an<] butane, much resemble ethane. 


THE HIGIIEIl PARAFFINS 

The higher paraffiti.s are cluetly of interest as constituting the 
greator part of the petroleum from which most of our oil-fuels and 
lubricants arc derive.!. Kighty-tJirec paraffins from to 
have been isolated fnnn petroleum. 

26. Petroleum. lVtri*Ieum is found in manv parts of the world, 
the greatest oil-fiel.l b.-ing in the .southern part of North America. 
Occasionally the oU oozes from the ground but in the great majority 
of districts it is reached by sinking bore-holes. The oil is usually 
found in porous strata capped by impervious rock and is associated 



PETROLEUM PllODUCrrS 


with ‘natural gas,’ the pressure of which often drives the oil to the 



Fraction. , 

1 

1 

lioiling point 

1 

- 1 

rriip‘»rtion of 
pet rt^Unuii. 

- ' 1 

(1) Petrol (gasoline) . • • I 

(2) Parafl&n oil (kerosene) . 

(3) Gas oil . • • ' 

(4) Crude oil (left as residue) 

c. 30— 20U" C. 

C. 200— 2r,0° c. 
i C. 2G0— 300" c. 

300" upwards 

3r.% 

12% 

15% 
j 30% 


The crude oil is often furtl.er separated into lubricating oils and 
^“^rorand Paramn od a freed 

^Xbr^^atrnTwth sulphurise acid followed by agitation w.tb 
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sodium plumbit© — a solution of lead oxide in caustic soda. A 
solution of sodium hypochlorite is also largely employed. Liquid 
sulphur dioxide and various absorbents such as Fuller’s earth are 
sometimes used. 

Pelrol . — Petrol consists mainly of the paraffin hydrocarbons, 
hexane, heptane and octane, together with a variable proportion of 
hydrocarbons of other series (hexamethylene, benzene, etc.). Its 
volatility makes it a suitable fuel for internal combustion engines, 
but also renders it dangerously easy to ignite and therefore unsuitable 
for use as a domestic fuel. 

Parajjin oil or kerosene consists mainly of the paraffin hydro- 
carbons between nonane and tridecane, together with polymethy- 
lenes, etc. In this country paraffin oil must be of flash-point 73-0* F. 
or more, which means that a small flame applied to the surface of the 
oil at a temperature of less than 73-0® F. will not ignite the vapour. 
This comparatively non-volatile oil bums excellently when volatilised 
in a \vick or the heated tube of a Primus stove, and is not so liable as 
petrol to accidental ignition. 

Oas oil . — Gas oil, as its name implies, is used in the manufacture of 
illuminating gas. Water-gas, which is made by passing steam over 
white-hot coke and consists of carbon monoxide and hydrogen, has 
good heating power but does not give a luminous flame. Water-gas 
is often led through a heated brick chamber into which gas oil is 
s])rayed. The mixture of carbon monoxide, hydrogen and hydro- 
carbon vapour is then passed through a highly heated brick chamber. 
At this teuij>erature the hydrocarbons break up, giving gases of the 
{)araffin and olefine scries, whif'h have good illuminating power. 
T!io product is known os ‘carburotted water-gas.’ 

Crude oil . — Oude oil is much used for buminc under steam 

O 

boilers or in Diesel engines. A great part of it is used, however, for 
making lubricating oils and paraffin wax. 

I'ho crude u.l is distilled, often under reduced pressure. The 
f)ro(liict conta ins paraffin wax which is removed by free 2 dng the 
mixture and pressing the oil from the separated wax. The wax is 
further pressed to remove oil and finally forms paraffin wax. The oil 
thus separated is redistilled under reduced pressure and gives 
lubricating oih. 

ParalHius are unstable at high temperatures and break down to 
smaller nK>Ieculcs. Controlled decomposition of the higher paraffins 
sncli a.s crude oil (a process culled cracking) is used to produce the 
lower parafl'ins of the petrol t}.'pe. Petrol can be obtained in tliis 
maimer, riiorc are two of cracking: cracking in the liquid and 

cracking in the vapour phase. Heavy oil is cracked in the liquid 
phase by healing to 400-700® C. at pressures of 150-1,300 lbs. per 
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the higher paraffins 

sq in At these pressures the oil is still liqni.l. f 

to tills way. Light oils are crackea in the vapour phase at bUO C. at 

pressures of 50-150 lbs. per sq. in. mil<UT conditions are 

Catalysts may be hs 1 r^ to “be catalysts 

then satisfactory, e.g., oOO C an<l \ ‘jl of other 

used are oxides of silicon and alumimuni ^ ith small amou 

oxides such as those of magnesium ant j,^yfjlves not oiilv 

The eraektog process eyclisation 

the break down of molecules, but also pol> mensatioi . ^ 

and aromatisation (see chapter on cr ickim^ produces many 

As well as being a so^ce I f,.ur and live 

gaseous compounds, cUicfl> ok . coinpoumis for the 

carbon atoms; these arc very usef d ,,,, ,lcula>l.s, 

manufacture of various chcmic.^ cven'aromat ie comi.ounds. 

acetone and other ketones, . ■ ■ ^-hemicals is derived 

Nearly half the American output of oigan.c 

from petroleum products. r ),..,ir.icari.oii-s aiik i. clo^. ly 

27a. Synthetic Petroleum.-.M.xtures of h>cir„cari . 

b; ««,. u„.kr «ro„t ,.ro.s,ne „n., u. pre.-nve „f a 

CHtalvBt (Bergiua procean). „„rKr.n monoxido with twire »ts volume of 

(2) by passing a Fus< hor-'rroi>s< h proocss. w.ls greatly 

hydrogen over u catalyst. c omlitions are a presMiro ot 

doveloped during tho war. 1 ‘ •>(in.-U)o‘’ C. Maf>y in^ taU and oxii1<k 

atm. and a temperature of ' -,^t„r,.of rohall. thorium and , 

beentuied 08cataly.-‘t«s. foroxainp V • csiivn-sivo than tho na i i 

oxides. The petroleum thuH producc«l .s mo i 

rroduct. fi 1 .L- TTichei Hydrocarbons oi the 

28. Synthetic °h‘toe^L.>.s can he separate.l front 

Paraffin Senes.— ^lany ol th h>^ IVaetioual .iistillalion, but the 

petroleum or paraffin oil b> their lioiling points are so 

Tumber of hydroeurhons - b-;‘‘,;‘''^:i';u„natio.rs 'are requircl. 

near together that tedious ar I synthetic metlioda enume- 

H a pure hydrocarbon is required, the s>nthct 

rated below are ordinarily used. i mi„iuin-mercury couple on a 

(1) Action of the y.inc-coppe corresponding uicohol, 

paraffin haUde, which may be made f.om the I 

etc., if available (§ 24^. ^ ^ ^ ^ 

(2) The action of sodium on a Nacf 

(3) The reduction of an un.saturaWd __ cHa — R' 

R _ CH = CH — jroxide on the sodium salt of a fatly 

(4) The action of s<»dium h>aroxiu» 

H.CO,Na + NaOU ^ R H + Na.CO,. 
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(5) Electrolysis of a salt of a fatty acid (§ 25): 

RCOjNa^RCOr + Na+, 

2RCO, = R-R + 2COa. 

Other methods are mentioned in Chapter XII (§§ 161, 163). 

29. General Properties of the Higher Paraffin ^drocarbons. — The 
physical properties vary as described in § 23, the melting points, 
boiling points and densities of the hydrocarbons becoming higher as 
the number of carbon atoms is increased. 

The chemical properties of all the members are very similar. They 
readily bum, the flame of the highest members being brightest and 
most smoky. Chlorine and bromine form various substitution 
derivatives. 

CnHan + a + a^a — + a - * Cl^. + arHCl, 

but iodine does not as a rule react. 

Fuming sulphuric acid does not attack the lower members but 
forms sulphonic acids (§ 154) with the higher ones: 

H^SO, = C„H,„+,-S02 0H + HaO. 

Nitric acid does not attack them readily. It either forms nitro* 
derivatives (§ 132) or oxidises tiu-m to fatty acids. The tertiary 
hydrocarbons of the type 

R 

R— C— H 

I 

R 

are particularly vigorou 8 l 3 ' attacked. 

Other reagents have no effect on these hj’drocarbons. 


QUESTIONS. 


(1) Explain exactly what in nioaiit by the ‘paraJYin series of hydrocarbons’? 
Could liydr.>carbonH of tho formul® (a) CgHc (6) C,!!!*, (c) C5H,.. (d) CtH® 
uelonjj l<i thi8 

(2) iiow many hydrocarbon^^ of tlio formula C^IIjo can exist? 

Sui^qost thn'c inothocl.s for making one of the.so hydrocarbons* 

(ii) l!*N{.flaiii the meaning of tho term ‘LHomorisra** giving examples taken 
from tho paraflin of h y<lrucarbon!^. 

( 4 ) \\ rito tho f<iriuu!a' of n*ponlano, totramothylmothaoe* isobutane> and 
pivo the nninori of t In* hydrocarbons of fonnula 


t (CH3)3CirCU2 CH3: (CH3)3C C2H^* 

(fl) Wliat i.s mrant by an huimdogou.^ .stiries? How do thoph^^sical properties 
of tho parattin liydrt.rarbunH vary with thoir position in the sorios? 

(h) State hriofly t)m methods available fi?r the preparation of methane* 
How could tho bodD^tuunii.'^luHl, (a) from hydrogen* (6) from n-butano? 

( 7 ) What i.-^ mount by ^uhsticutionl What products are obtained by aub- 
6titutiou of chlorine in mvthanvT 

(8) How coiiUI yon muko (a) mothaue, (fc) ethane, from ocotic acid and 
inorgaiuv vca;'viils only? 



CHAPTER 111 

the alcohols 


30. Meaning of the term Alcobol.-The 

organic compounds which j liyjrogen atoms only. 

( - OH) linked to a grouping of carbon anU njoro^ 

Thus the following are alcohols: 


H 


H OHH 


H H H 



H 

H— C— OH 
H— C— OH 

I 

H 


OH 


HC CH 


Glycol. 


HC CH 

^c/ 

1 

H 

Benzyl alcohol. 


MoPropyl alcohol. AUyl alcohol. 

« r. olAs-seil with the alcohols. Those are org^ic 
hy'S?o;^l“of^0.eTrSi='.erie,. with their hydroxyl group, d.reetly attached 

to the bonzeno ring (soe § 353), « y-. 

on 

HC CH 

I )l 

HC CU 

H 

Common phenol or carbolic acid. 

«?ution* The alcohols ^not loniBo ap^^^ Jarbon atom carrying an atom 

ot^^Tha^X^^SS of an element other than carbon, the 

compound is definitely not an alcohol. 


r,r> 
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H 

H H 

H— C— C— OH 

1 i 

H C— C— OH 

1 II 

1 1 

H 0 

H NHa 

Acetic acid. 

Acetaldehyde-ammonia. 


31. Constitution ol Alcohols. — The evidence for the existence 
of a hj'drosyl group in the alcohols is provided by; — 

(1) The action of phosphorus halides (p. 60). 

(2) The formation of alcohols by the action of metallic h 3 'droxides 
on alkyl halides (§§ 35, 58). 

(3) Their reaction with acids to form an ester and water (p. 66 ). 

(4) The impossibility of writing a formula for methyl alcohol, 
CHjO, udlhout assuming the presence of a h\'drox 3 ’l group or alter- 
natively making carbon more than quadrivalent. 

32. Analogy to Inorganic Hydroxides. — The alcohols, then, are 
h^’droxides. There are three chief t\’pes of hydroxide known in 
inorganic chemistry: — 


(i.) basic hydroxides, t.g., KOH, Ca(OH)a, NH 4 OH; 
(ii.) neutral, e.g., water, ll-OH; 

(ill.) acidic hydro.xides, e.g., PiOH),; SOa(OH),. 


It is to the iifutral and basic ijydroxides that alcohols show their 
cliicl n-soinblaticc*. Thus, tlio reactions of alcohols T\nth sodium 
iind with acid lialidos [e.g., PL^a) resemble the reactions of water. 
I he react ions of the alcohols with acids show a closer resemblance 
to tlu^ reactions of a basic hydroxide, such as ammonium hydroxide, 
rile alcohols, however, differ from the basic hj’droxides in that, in 
so iar as they ionise at all, they resemble acids rather than bases. 
'! bus tl.eir soiiitiou.s .show none of the properties associated with the 
on ;<in, and therefore differ from tlio alkalis in that thej' do not 
aflc. t liuims or conduct electricity or precipitate insoluble hj’dro- 
xalcs ( f metals from solution.s of their salts. 

o3. Primary, Secondary and Tertiary Alcohols.— Alcohols are 
classified as primary, .secondary ami tertiary. In a primary alcohol 
the hydroxyl group is attaclusl to tlie last carbon atom of a chain; 
they are therefore eharactorised by the presence of the ctoud 


In second.iry alcoliols the hsclroxyl group is attached to a carbon 
atom linked by two valency bon<ls to other carbon atoms; the 

\ 

grouping is characteristic of them. 

✓ 

Tertiary alcohols contain a hvilroxyl atom linked to a carbon 
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atom of which the three remaining valency bonda are linked to 
other carbon atoms. Thus the grouping — C OH is typical of the 

tertiary alcohol. ^ 


H— C— H 


H H H H 


H H OH H 


H 


H— ' 


H H H H 



H-O 


C— OH 


H H H 


H 


n^Butyl alcohol 
pRmaAY. 


tfec. -Butyl alcohol 

SECONDARY. 


H 

Triinethylcarbinol or 
tertiary butyl alcohol 
TERTIABV. 

These XTtypes of alcohol dlfe in the products they form when 

el" Iu.d ln.a,uraua alcohol, c.n.einiug a double 

'"^‘’'“N^erclatoe Of the Alcohols. -The akohola are named on two 
.y.^;„s”°fwSJ?i^fr.tletheolde.m 
^(1) On the older e.v«tom the alcol ole primary, secondary or 

UrtiTx^^to^^d^LtCthe ^ositlon'of the hydroxyl group. 

0 1 i I 

rH (*’U— CHa CHa— C— oil 

CJoHaOH CHs— CU ■* I 

CIL 

Ethyl alcohol. Secondary ", ItndTylm ^'leUer. 

Tl!eVo“waTis «r/:mp.oyed oening .nethyl alcohol, of winch all 

alcohols can be regarded oe derivuti\ tv<. Clis CH, 

h-(Loh cn3-CH.-i-0H 

I cn* 

H MethylothylMopropylcarbinol. 

Carbinol. ^ ^ 

cn cn cn ^ ^ — cHs— in 

OH CH, 

n-rropyli*o^»Jtylc*^^‘"°*- 

Thi, latter eyatom. though cumbroue. admit, of e.act md.cat.on of the 
structuTO of an alcohol. 
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PRBIARY ALCOHOLS 


The primary alcohols are the most important, as they include 
methj'l and ethyl alcohols, which are of great use both in pure 
chemistry and in industry. Ethyl alcohol will be considered first 
as a tj-pical primary alcohol. Some of the other primary alcohols 
will then bo considered and their differences from ethyl alcohol will 
be noted. 

35. Ethyl Alcohol, C 2 H 5 OH. — Preparaiion . — Ethyl alcohol is in 
practice prepared by fermentation of glucose (§ 36-7) or by treating 
eth)'lene, from natural gas, with concentrated sulphuric acid in the 
presence of a catalj'st, ethyl bj’’drogen sulphate is formed and is 
decomposed by water jnelding alcohol. 

CaHj +H.JSO 4 = CaHfi.HSO, 

C^H.-IISO, +H2O = C2H5.OH +H2SO*. 

There am iiuinorous otlior methods of preparation* which may be used for 
the preparation of other priiiuiry olco)ioU, but which are not of practical use 
for tlie propanvliun of ethyl alcohol. 

Preparation of ethyl alcohol by methods applicable toprunary alcohols m yeneraL 
(a) Ljy tlio action of iKpiiMiis solutions of alkalis on halides of tho paraffins 

(§ r,8):— 

Cnlhl + KOH = iSAls-on T KI. 

(h) Hy the action of alkalis or water mo esters (§ y 2 ):— ■ 

CO CH3 + IvOll =* CsHfi OH + KO CO CHa 
ICthyl Kthyl Potassiiiin 

olchol. acetate. 


C.TIjiO rO (Tla + lloC ^ C 2 H 5 OH -f- HO CO CIIa 

ic) liy tin* M^*tiori <»f nitrous acid on prii^uiry amines (§ 122):— 

( ^ll.s NIls + UNO. « C.H* Oil -r + lUC). 

1 !t livlatuino. 



r>y re hu t ion (»f alclohydos \titli water nTui sruiium uinalcnm (§ 70 ): 


CHa'CIU) 4- 211 ('Ha-Clls-OH. 

(r) By healing i arhon tnonoxido ami hydro;jen topethor under preasuro in 
rh » prc.-;i‘nco of a (Mtalyst. A mixture of alrohols i.s obtained. Individual 
may bo st'puraled by distillution. Synthetic iiu'thocLs of tliis tj'pe for 
tin* propartiiion of uleohoLs have become irnpi'rtnnt in recent years. {Soo ol^o 
p. .nJ.) 


36. Preparution ol Ethyl Alcohol by Fermentation. — The process 
ol lermcntritiun has been known since the remotest times to almost 
all pt‘Of)lf‘s of the world as a nioaiLs of preparing an intoxicating liquor 
I'rnrn sugary or starchy substanoe.s. 

Tbc iiicclianisni of the process was first made clear by Pasteur 
in the years following ISoS. 

If a solutii>n of glucose (Cgll ijOg) is well boiled to destroy all living 
matter and is then exy)osed only to air from which all suspended 
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matter has been filtered, it will remain permanently 

however to a simUar solution, treated in the same way and kept at 

20—30° C . are added a few cells of the single-celled plant knovn as 

yeast a change takes place. The few cells of yeast grow 
Ld thus multiply enormously, the glucose di-sappears from the 
sSuUon a gL ?s evolved wliich proves to be carbon dioxide, and 
the Sdual liquid is a solution of ethyl alcohol contaminated with 
smaU amounts of other organic substances, and containing in 



,7._ircrii.onlation of Glucose Solution. 


suspension a vast number of yeast cells. The equation for the 
chemical change ^ ,^.11.0 2CO,. 

The reaction does not ocimr m 

is brought about by a number of complex caiaj> 
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enzymes (§ 301a), which are produced by the yeast cell. Only a 
dilute solution of alcohol can be prepared by fermentation, for the 
yeast cell is killed by solutions containing more than 10 — 20 per 
cent, of alcohol. 

The complicated changes which occur during fermentation and 
the nature of enzymes are discussed in § 301b and Appendix II 

Expt. 3. Preparation of Pure Alcohol by Fermentation .^ — 
Dissolve 125 g. of glucose in 500 c.c. of boiling water, stirring 
well. Add about 1 g. each of ammonium phosphate and 
potassium nitrate. Put 1,500 c.c. of cold water in a Winchester 
quart bottle and add the boiling glucose solution. The 
temperature should then be adjusted to 25 — 28® C. The yeast 
is stirred into a cream and poured into the Winchester. This 
is then placed near a lighted burner in a fume cupboard (Fig. 17), 
and left for two days. The temperature should remain between 
25® C. and 30® C. Small bubbles of carbon dioxide will rise 
continually to the surface. If desired, the gas may be led by 
means of a cork and tube into lime-water, which will be rendered 
turbid. 

.M'Ut two days, set up a distillation apparatus ^dth fraction- 
ating column (Fig. 18), and distil the whole 2,000 c.c. of liquid, 
in several portion.^, if neces-sary. Collect the liquid distilling 
below 1)5® Combine the distillates and redistil them in the 
same apparatu.s, collecting the fraction boiling between 78® C. 
and S3° C. To the distillate add about a quarter of its volume 
ot sf.plt<l |ic)tassiuin carbonate and shake well. Two liquid layers 
will be formed, the 1< >wer being an aq\ieou8 solution of potassium 
enrlmnate, the upper, alcohol with a little dissolved water. Pour 
into a .separating funnel, run off the lower la 3 ’er of potassium 
earbonate solution and transftT the upper lat’er to a flask con- 
taining .several good-sized lumps of quicklime; cork, and leave 
Cot a few days. The quicklime combines with the water, forming 
calfiurn hj’droxide. The alcohol is then poured off and redis- 
til 1, when it .should boil at 78-3® C. It ma\' be completely 
dci -<lrat<'d b}’ leaving it standing over metallic calcium. 

37. Industrial Preparation of Alcohol. — Alcohol is sold in three 
chic'f forma. 

(i.) Ufctificd spirit and absolute alcohol. These contain no 
itnpnrili<-s intentionally achlcd. The^* pay a ver}' lieavj’ duty, from 
w liii'h im th\iate<l and industrial spirit is exempt. 

(ii.) Mi-thylated (>r industrial s[)irit ermtains various impurities 

* 1 hi‘ li’Krtlity of distilling uloohol, ovon on t)ii’ laborntory acuie, in donbtfu). 
1 iio cxri^t' antlioritioH &ofm. Iimvevrr, to apply tlio Irgnl maxim de tninimin non 
mrcit /<x to Biich cxporiinont:*. 
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derived from its manufacture, and also prc^ent its 

cent cold as p’otable spirits (rvhisky. brandy, rutn, gm. etc ). 



Ir, each case the process of manufacture consists of:- 

1 *• rf n rlilute solution contaimng some form ot 

'^‘Tugar W Fermentation of this to a ‘wash’ containing a small 
pet^ortion of alcohol, (c) Distillat.on of tins wash. 

The solution to be fermented differs according to the t>TO of 

spirit to be prepared. 
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Whisky is made from a mash of malted grain (partly germinated barley) and 
unmalted grain (barley and other cereals). The starch saccharifies^ changing 
mainly into maltose* The sugary liquid is then fermented and distilled* 

Brandy is obtained by distilling wine, made by fermenting grape juice, the 
sugary constituents of which are glucose and fructoso. 

Rum is made from molasses (§ 279,) the concentrated cane juice syrups from 
which no more sugar can be crystallised. Saccharose (cane sugar), glucose and 
fructose are the main sugars contained in this. The syrup is diluted, fermented 
and distilled. 

Industrial spirits and absolute alcohol are chiefly prepared from cheap starch^ 
containliig materials like potatoes, maize, oats, rye and rice. Maize ia used 
extensively in Europe, and in America more than any other starchy material. 
Potatoes are very largely emplo^^ed on the Continent, though not in 
England. 

Sugary' materials also sor\'e as the starting point for making industrial 
alcohol. Beet«sagar juices and molasses are used on the Continent, cane-sugar 
Juices and molasses in most tropical and sub-tropical countries. For the 
distiller in England, maize and cane-sugar molasses are usually the most 
economical. In wine-growing countries a certain amount of commercial spirit 
is distilled from inferior wines. 

From the poiiH of view of the chemist, the preparation of pure alcohol and 
industrial spirits is of the greatest interest, and the process employing potatoes 
as the raw material is perhaps the most important. 

The potatoes are heated with steam under pressure at 140-150® C., when the 
cells are broken up and the starch (§ 294) brought into solution. To this 
solution after cooling, malt, t.e., partly germinated grain, is added. This 
contains an enzjono or catalytic substance— — which converts the 
starch mainly into a sugar, maltose, Cj 2 Hn 20 ii: — 

2 (CoHioOft), + nllgO » n CjgH.aOn, 

To the solution so nbtainetl yea.Ht i^^ added, and fonnontation is allowed to 
proceed at about :iO“33^ C. 

Tlie multuse is linst changed into glucose by the enzyme maliase which is 
present in ordinary yeast: — 


CifiHo^Ou + H 2 O = 2C,Hi20e. 

rho glucone is then converted into alcohol by the action of the oumorous 
onzy lives of yeaj>t: — 

“ 2C2H^*01I 2 CO 2 . 


Tlie rosuhiiu: liquid is distilled, usually in 11 Coffey still, on oflicient arrange- 
TTifuit vvhi<*h from a wash containinc Home 7 per cent, of alcohol will in one 
opiTHtion j‘roduce o spirit of about 90 per r**nt. strength. 

l*ig. ]\} n presents the Coffey still. Steam from a separate boiler passes up 
tlie o<ihnivri A down which is Jlowing the wash originally stored in tank D and 
alrr'nd>' Kotnewhat heated by its pa^snee through coils of pipes inserted in the 
column K. Thocohinin A contains shelves fitted with valves and drainage tubes 
•sc iirrungt»d that the rising stoarn bubbles tJirougb layers of the descending 
wash. In tins column steam in condensed oinl alcohol is evaporated, so that the 
waste passing away at W contnins no alcohol while the vapour leaving the tower 
nt E containn all the alcohol anti aLso a good d-^al of steam. 

Tills vapour now pa^sses to tlic column B which is fitted with shelving like 
tlint in A and also contains coils of pipe P through which tho cold wash passes 
to column A, I hese coM pipes act to some extent as a ctuidonser and tho 
lir|uid condensed by them Hows clown from shelf to shelf. The rising vapour 
o\ aporates alcohol from this condensed liquid, and condenses water in so 
doing, fto that the lifjuid (feints) running out at tho bottom contains much 
watc^r. some amyl alcohol (b.p. 131 ) and also enough alcohol to make it worth 
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eolS^°fa'So":;JSr“T" i^prot^-l in ...i. «ay is abou. 96-4 per cent. 
“‘TSe''r-ectified spirit may then be farther pnrincd. 

redistil the alcohol .iistilletl f?um the limo; the first 

quicklime for several days. 1 he alcohol ^ treated with hmc and 

and last portions rejected and j. ob=^o‘e&. The present method is 

redistilled. This method is now *^,re of benzene and petrol) to 

to add -entrainer” (usually benzene or a rmxtumol^ fact that 

the alcohol in the with the water and some of the 

benzene forms low-boihng over at the end of the operation. 

alcohol, leaving the bulk of the f strength. 

The alcohol so obtained is about 99- « per cent, strong 



Fio. 19 .— Coffey Still. 




r. 4 1 Vntrlv lialf the cthvl alcoliol produced 

Alcohol from Petroleum^ ^ ■ - ethylene resulting from the 

in the U.S.A. is now with snlphnric acid and 

cracking of petroleum. 1 g formed as a by-product. 

the product is hydrolyased. Someetner is 

Metkylaled SpinX-For most sp 'rit.' ThtTs^s^^^^ free 

in this country in the form o oomo supervision. For manu- 

of duty, although its sMe 19 subj^^^ generally use<l. 

ThLT! ^WreoAtaining (by weight) about 85 per cent, of ethyl 
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alcohol, 11 per cent, of water, and 4 per cent, of impure methyl 
alcohol (wood naphtha, intentionally added). For general use, 
‘mineralised methylated spirit’ is sold. It contains about 80 per cent, 
of ethyl alcohol and 1 1 per cent, of water, with an added 7 -5 per cent, 
of methyl alcohol and a small amount {0*3 — 0-4 per cent.) of mineral 
naphtha (petroleum) and colouring matter, which render it obviously 
unfit for drinking. 


Somo other forms of Bpirit, specially denatured to suit particular industries, 
can also be used free of duty, subject to the sanction of the Excise Com- 
missioner. 


Proof Spirit . — Spirit containing 49-28% of alcohol by weight is 
called proof spirit. The strength of an alcohoUc solution is often 
expressed as degrees over or under proof. 100 vols. of a solution 
X degrees over proof will yield 100 + x vols. of proof spirit on 
dilution, while 100 vols. of spirit x degrees under proof contain 
100 -X vols. of proof spirit. 

38. Beer, Wines, etc. — Fermented liquors such as beer, wines, 
cider, etc., are solutions of alcohol, colouring matters, flavouring 
matters, fragrant oils, etc., in a considerable excess of water. They 
are in every case obtained by fermenting with yeast a solution 
containing some form of sugar. No yeast is added in the making 
of wine, bjit a yeast, Saccharorni/ceies EUipsoidexis, occurs on the 
skin of the grni>e and brings about the fermentation. 

It-'ir." Iti-T !.■< rimijt' from barloy wliit-h lias been soaked and allowed to 
yeruiiiiate. Breuer-i’ iiuilt is n<it allowed to ('emuuate for fluch o long period 
n« the (list iiliTv nuilt and eontnin.x, tlien^foro, more dextrin and less maltose, 
th«« d.'xtrins iiit'^niicdiato prodticts of tho encchariQcation of starch 

(S -’17). Till' barl-'v then killed by drying it. and is known os malt. The 
iiikU, tnixed with hops, wliicli give tbe beer a bitter llavinxr, is boiled with 
water a.'id the eiear liipinr obtain«’d is cooled to l.^° C. Yoast is then added 
and fiTtiicriintioTi procced.s, tlie teiupernturo not being allowed to exceed 21 ® C. 
M ha product, aftor tbo yeast has been removed by settling, ie beer. 

fh/ifr Li'itiitru. — Tbivse may be tabulnt^a] as below. 


\\'liit-> aiul r-'d wine.^ 


P'lrts timl .‘^h''rrifH 


Ci' 


1 Ft*rrnc'nt«Hl 

1 fri»in 

I^orcontace uf 
ftlcoluil. 

RomarkB. 

1 

Malt 

1 

3-7% 


(irapo juice 

7— 10°^, 

The Spanish wines 



contain 12 — 13% 
of alcohol. 

« » 

Tp to 20% 

are fortified 

Applf' juico 

1 

% 

wines, wines 

with added 
alcohoL 

o no/ 
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39 Physical Properties of Ethyl Alcohol.— Ethyl alcohol is h 
cofouxle^mobile liquid with a burning t^te and a plea^nt 
odour Its density is 0-7937 at 15° C. Alcohol freezes at - 117 6 C 

and tWs low freezing point makes it "ptin 

have to register temperatures below - 39*7 C., the treezing poin^ 

comes ove? first, as it has a lo'^er boding point than^edhe^^^^^^ 
constituents. A residue is left, whic cannot be 

at pressures much lower than atmospheric. Instead ot reaucmg 

solvent for most organic compoun s, useful veneral rvile 

general, dissolved by it spar.ngly °7‘°‘ dissolved 

rctpr'mereoric Ib.oride, arc 

not. 

syetom. , ,• » i...n fthnut oiic-fifth immcdintely ptis-sc.'^ throuRh 

When a dose of alcoho is .|^i,o rest i=i fu>rly rapidly ab.sorbcd 

the lining of tho stomach into tbo J- . t^rouch the lunqs and with tbo 

in th© intostino. A littlo may jo body '1 bore it irrmluully uiuKtrocs 

-AH 

of oliohol doo, nut, as a ru.o, outao.gl, .« 

deleterious effects. . , ; . ^ daiiRcrou.s poison, acting on the brum arul 

In large doses, alcohol w a Oa gcro j B,„ueuhat m each case. 

nervous system. The in the blood is generally fatal 

but a eoncentratiori of more t mn effect on tlie mouth and 

CJoncontratod alcohol also l>aa 

stomach. , .vlcohol on tbo nervous system produces the 

In smaUer doses, tbo actio . - n. ^cts as a narc(»tie. paralysing tlie 

weU-known symptoi^ of tJ, be stimulating, but this is probahly 

nervous system. I*-** * [J aUo an illu.sion: it-s action on the nen. ou.s 

an iUusion. Its warming the arU-ri.-s which carry tho blood 

system brings about u certain j j f tj,o surface of the bo<ly. 7 Ins, while 

to the skin, and a consequent lIuH 'ing uctuully causes a more raj.id 

producing a misleading sensu i :,itoxication generally appear when the 

loss of heat. The Hymptoii^ blood excoed.s 0-1^5 per cent. Thoy disappear 

concentration of alcohol m t ‘ Kia-ms to bo no eviilonce that m small 

Jol‘'taS:r'r'.Xtmb.torvaU, alcohol dooa any appreciablo harm. 

4l’. Chemical Properties of Ethyl Alcohol.-Tbc reactions of 
ethyl alcohol fall under three heaclmg«:— 
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(1) Action as a hydroxide. 

(2) Action of oxidising agents. 

(3) Action of dehydrating agents. 

42. Alcohol as a Hydroxide. — (1) Action of Phosphorus Halides . — 
The action of the halides of phosphorus and other acid halides mark 
it clearly as containing a hydroxyl group. The trihalides of phos- 
phorus give an ethyl halide and phosphorus acid. With phosphorus 
trichloride, for example, ethjd chloride and phosphorous acid are 
formed: 


PCI3 -f SCaHjOH = P{0H)3 + SCgHjCl 

The practical application of the reaction in making the alkyl halides 
is discussed in § 66. Phosphorus pentachloride gives ethyl chloride 
and at the same time forms phosphorus oxychloride and hydrogen 
clUoride: 

PClj + C^H^OH = POCI3 + CaHaCl + HCl 

The evolution of hydrogen chloride with phosphorus pentachloride 
is regarded as a test for the hydroxyl group (contrast its action on 
acetone, § 112, where no Iiydrogen chloride is evolved). 

(2) Action of Sodium . — The alkali metals react with alcohols with 
some vigour, though they do not inflame or explode as in water. 
Thus sodium with ethyl alcohol forms sodium ethoxide and hydrogen. 
The analogy to the reaction of sodium and water is to be 
noted; 


2C3H5 OII + 2Na = 2C2H3 0Na -}- 
compare 2H-OH -j- 2Xa = 2H ONa -f 

llio scKiium ethoxide is obtained as a white solid on distilling off the 
excess of alcohol. It is readily hydrolysed to alcohol and caustic 
soda: — 


ColT^-ONa H- H OH = C^H.-OH Xa-OH. 

(3) Action of Acids. Esterification . — The action of an acid on an 
alcohol results in the formation of an ester anti water. The reaction 
is reversible; — 


X OH -f- II A ^ X A + HjO 

Alcohol Acid Ester Wutor 

As far as the equation is concerned, this is very similar to the 
neutralisation of an acid by a base. But it ia actually a much slower 
and very different process, o^vmg to the fact that it ia not a fully 
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ionic reaction like the action of an acid on a base. It “ 
hv^ogen ions, rrhich shows that ions must play some 
SXm, but neither the alcohols nor the esters are electroless. 

The strong acids, sulphuric, hj’drochlonc, mtr , •. 

pariilvely quickly. Con'^^ntrated sulphuric ac.d at once forms ethyl 
hydrogen sulphate, with evolution of some heat.— 

C,H,OH + H,SO, CjHjHSO. + H,0. 

Hydrochloric acid forms ethyl chloride: 

CjHjOH + HCl CjH^Cl + H,0. 

Nitric acid (free from nitrous acid) forms ethyl nitrate:- 

C,H,OH + HNO 3 C 3 H.NO 3 + H 3 O. 

SuiUhle conditions of concentration and ^temperature mi.t^be 

observed, os othen^iso other Citric acid may 

acid, ether or ethylene may be obtained (see p. oo). 

oxidise alcohol completely to alcohol at 

Weak acids, such as -et.c ac.d^ben i, 

the ordinary temperature, re reaction is catalysed by 

perceptible m ^ “Ins drived from a strong acid), and if 

the presence of hydiogen iona ( r.niiilibrium is quite qxiickly 

a strong acid be added to tb^ "el, f,‘’om an 

attained. The practical me 1 iJ'Fvnts. 29 and 31. In short, 

alcohol and a weak acid la desen e j‘- ia then treated with 

the water formed, 

ha + XOH XA -h H 3 O 

which combines with tbe sulpb^o ac^;^Tbe esfrr is 
the mixture by J.stdlat.om or by “g 
carbonate solution, m wbich the “'"‘y “ 

acid, alcohol and catalyst diasofre (see flxpt dlj^ 

43. Oxidation o! Alcohol -Alcohol burns m an 
a blue flame, forming carbon lox ordinary concentrated 

oxidising agents have the ^fi^^f^ij^traleohol partly to acetal- 

times explosive in its violence. 

r , 1 V,rr.«.nblv hofl a eiiiulaf ofTcct. for in ita ionisation 
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REACmONS OF ETHYL ALCOHOL. 


H H Cl 
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Less vigorous oxidising agents convert alcohol into acetaldehyde, 
OCjH*, the general equation being 


H H 


H H 


Q OH + O = H — C — C = 0 + HaO. 


H H 


H 


This oxidation may be performed m a 
moderately diluted sulphuric acid:— 

3C,H.O + KaCraO. | + Cr.SO.a ^ 

Other BimUar oxidising agent^ l^e 

-r- ^prrt r - -- --- 

„ OH 


CH 3 - C= O + O = CHs - C - O 

, . ■« th« nresenco of a suitable catalyst wiU also 

Atmospheric oxygen m the or to acetic acid. If a 

oxidise ethyl alcohol either to d gently 

mixture of air and the vapour o y , heated copper gauze, 

heated platinised asbestos, or more strongly heated copp g 

the reaction __ . 

2 CH 3 .CH 2 .OU + Oa = 2 CH 3 .CHO + 3 

takes place. The apparatus shown in 

methyl alcohol to formaldehy e iuay iungus 

Certam living creatures of nLterium aceti, will cause dilute 

Mycoderma a<^i and the tf oxidise directly to acetic acid. 

solutions of vinegar, and is described in § 70. 

This process is emp oye .c.-tul.loliy'le without u.Hiiig on oxidising 

Alcohol may even be converted “^.1 finely dividotl copper. The copper 

agentp by pa^in^ ittJ vapour uv© 
acta aa a catalyat: 

CaHsOII = CVT*0 + lU- 

-- V iTfVivl Alcohol. — Chlorine at once 

44. Action ol the Halogen product is chloral, 

oxidises and substitutes ‘“t' S" d— 

triohloroaldehyde (§72). The reaction may bo figured. 
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a 

Cl— C— Cl 

+ 4aa = I -h 6Ha 

H— C 

II 
o 

The chlorine removes two hydrogen atoms from the primary alcohol 
group — CHa’OH, converting it into — CHO. The methyl group 
— CH3 undergoes substitution and is converted into — CCI3 and 
hydrogen chloride. 

Bromine acts similarly, though much ethyl bromide is also formed. 
Iodine does not react with alcohol alone. 

The reaction of alcohol with halogens in presence of alkalis or — 
what comes to the same thing — with h3^ochlorite3, etc., results in 
the formation of chloroform CHCI3, broraoform CHBrj, or iodoform 
CHI3, as the case may be. The reaction is somew’hat complex. 
Probablj’^ chloral is first formed by oxidation and substitution as 
above, and tliis then breaks do\vu in presence of alkalis into chloro- 
form and a formate (see §§ 61, 72). 

Thus, bleaching powder, alcohol and water react giving chloro- 
form (v. Expt. II): — 

2CJ160H -j- SCuOCla = 2CUCI3 -f Ca(HCOj)j + 2Ca(OH)2 

+ SCaCla + 2H2O 

Iodine and alcohol react in presence of alkalis, giving the j'ellow 
cr3'stallinc solid, iodoform: — 

Oall.OIl + 4I3 + 6NaOH = CHI3 + NaHCOj + 5NaI -j- 5H,0 
7’his reaction is used as a test for ethyl alcohol. 

Expt. 4. 7'e.st for Ethyl Alcohol. — To the liquid suspected of 
being or containing ethvi alcohol, add iodine dissolved in 
potassium iodide solution. Add dilute sodium hj'droxide drop 
b^’^ drop till the colour of the ioiline almost disappears. A pale 
yellow precipitate of iodoform in characteristic microscopic 
rosette-like crystals indicates either ethjd alcohol, taopropj’l 
alcohol or acetone (§112), These are readily distinguished 
by warming the solution with a little potassium dichromate 
solution and dilute sulphuric acid. If eth}-! alcohol is present, 
the solution becomes green, and a smell of acctaldebj’de is 
evolved, wlille the other substances do not produce this odour. 

Another method of distinguishing whether a positive iodoform 
reaction is due to ethjd alcohol, j-9oj)ropyl alcohol or acetone is to 


H 



H— C—H 
OH 
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repeat the teat, using ammonium compounds. The liquid 
alkaUne with ammonia and a solution of iodine m ammomum iod.de 
is added. A black precipitate of nitrogen iodide appears If acetene 
or isopropyl alcohol is present, iodoform is produced on gent e 
warming Ethyl alcohol gives no iodoform under these 

45. Action oi Sulphuric Acid and Other ^ 

Ethyl alcohol, when mixed with sulphuric acid, forms ethyl hydroge 

sulphate: — 

CaH^OH + HoSOa CjHfi-HSO* + H^O. 

If this substance U heated (in absence of an excess of 
gas ethylene is formed at about 160“ C. (Lxpt. 4i. § 168).— 

CaHs-HSOj = CjH, + H^SO*. 

If an excess of alcohol is present, ethyl ether is formed, on heatin 

C,He HSO. + HO = C,Hs O C,H, + H,SO.. 

The practical application of this important reaction is discussed in 
§ 102 and Expt. 32. 

^ i I \ 1 ^ cuKi A rtniull 

Expt. 5.— Ethyl Alcohol: n^:<ictton...-{l) lo 1 c.c. akoi. 
piece of podium: Ho U «... is ovuK.hI and C.jHr HSO^ 

(2) 1 c.o. alcohol. nd< 1 c.c M ^ vjC).,. etc.. 

formed. To mixture add .1 c-c. 

evolved. ..Irohol and & c.c. cone, nitric 

(3) In an evaporutinc di«l* pla^<‘ ‘ t evolution of NOo. 

acid and wann. Do not lean o^e^ it. ison Mb 

otc. 1 n <• I 1 .S 0 . 1 . i c.c. alcohol: heut: 

( 4 ) A few crystals sodiuiu ueotate, J c.c. l . 4 9 

smell of ethyl acetate. solution. 1 c.c. cone. U^SO*. cool. 

(6) I c.c. fairly strong K.^Ct.^O^ « 

add i c.c. oloohol. %vurm. S'ncll of aUio ^ ^ sohition drop 

(6) I c.c. alcohol: 3 c.c. l-> u ^ of io'lofonn with charac tenatio 

by drop till pule yeUocs : warm: yellow ppt. ol lo.ioi 

emell. « ;,•///<► I’Cl^ Vicorous evolution of IIt-1. 

(7) Add a few drops to a ItUle fc> 

46. Uses of Ethyl Alcohol.-In 

alcohol as a beverage m as the manufacture 

or a raw material in numerous md . t.vnlosive 3 ether 

of polishes, stains and paints, felt, oi ® f^’bair washes and 

and chloroform. H “ So used as a fuel or 

perfumes, photograx>hic appliances, e . 

l‘^::tn :h:'Sl“ rsZ^hy^a _^hie comparing the 

properties of the straiglit-chain primary a co o 
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B.P. 

Solubility. 

Density at 
O^C. 

Methyl 

alcohol 

CH 3 OH 

64-7'’ 

mifloible 

0-812 

Ethyl 

9> 

CH 3 CH 2 OH 

TT-S” 

mificible 

0-806 

n-Propyl 

»» 


97-2* 

miscible 

0-817 

n^Butyl 

ft 

CH 3 (CH 2 ) 30 H 

116-9'’ 

1 $ 12 

0-823 

n«Ainyl 

ft 

(JU.3(0J92)40]9 

137-6® 

r almost 

1 insoluble 

0-820 

n-Hexyl 

1 

ft 

CH 3 (CH 2 ) 30 H 

167-2® 

j almost 
\inBoluble 

0-833 

n-Cetyl 

tf 

053 ( 082 / 16 ^^ 

decomposes 

insoluble 

not known 






at 0® C. 


The several isomerides of the higher alcohols also vary amongst 
themselves as to their physical properties. This is illustrated below 
for the case of the isomeric butyl alcohols. 




M.P. 

B.P. 

Solu- 

bility. 

Density 
(20® C.). 

n-llutyl alcotiol 

Cn3(CH2)30H 

-89-8® 

116-9® 

1 : 12 

0-810 


(CH 3 )oCH-CH«OH 

-108“ 

107-3® 

1 ; 10-5 

0-802 

ser. •Butyl ,, 

CHaCHoCH-OH-CHg 


99-5® 

1 :8 

0-808 

‘Butyl M 

(CHglaC-OII 

25-5® 

82-8® 

miscible 

1 

0-7S9 


48. Methyl Alcohol, Methanol, CHgOH. — Methyl alcohol may bo 
made by any of the general methods indicated in § 35, though these 
are not of practical value. 

It cjuuiot 1 k' prepared by fermentation like ethyl alcohol. It was 
formerly obtained from the pyroligneous acid formed when wood is 
<list illi-'I, but. i.s now prepared by sj^nithetic methods. 

<.)no such inetliod is to pass a mixture of carbon monoxide and 
hydrogLU (1:2) at 200 atmospheres pressure over a catalyst con- 
sisting of zinc and chromium oxides heated to 350 — 400® C. Under 
thc*si‘ comli lions of temperature and pressure tlie reaction 
(M) ; 21K -- CHjO readily’ occurs. A small proportion of other 
ah\'lio!s iw also formed. Another modem method is the cataly’tic 
>\idafi<.n of methane. A mixture of methane and oxy’gen (9 : 1) at 
100 atm. j>ressure is passed through a copper tube at 200® C. 

CII4 -h JO2 = CHaOil 

Vhysicnl Properties . — Methyl alcohol is a colourless mobile liquid, 
with a smell somewhat similar to that of ethyl alcohol. It has a 
boiling point of 65® C., and a density' of 0-8 at room temperature. It 
mixi^s with ethyl alcohol and water in all proportions. It is much 
moro poisonous than ethyl alcohol, a property' which may bo due 
to its oxidation products, formaldehyde and formic acid. Death is 
usually preceded by bbndness. 
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Chemical Properties.— In its chemical properties it 
resembles ethyl alcohol. It reacts similarly with phosi^orus hahdes, 

sodium, and acids, forming methyl hahdes (e.y., 
methordde (NaOCHj) and methyl esters e <7., CH3O CO LH 
methyl acetate.) It is somewhat more readily oxMised 
ethyl alcohol, the first product being formaldehyde H— C H. 


O 

osddation is readily brought about by passing a mixture 

methyl alcohol vapour over platinised asbestos (§ 71 

agente, such as potassium dichromate and sulphuric 

in excess, first produce formaldehyde, then formic aci, and finaUy 

oxidise this to carbon dioxide and t 

oxidised by the mixture, forms first acetaldehyde, “cet.c acid 

which is not oxidised further. The production of 

these circumstances may be used as a test to detect methj 1 alcohol 

in presence of ethyl alcohol. bacteria which 

Methyl alcohol is not oxidised by the tune^ 

oxidise ethyl alcohol to acetic acid. • n<»fnt the 

Chlorine reacts with methyl alcohol as an oxidising agent, 
main product being formaldehyde: 

CH3OH d- Cl, = CH,0 + 2HC1 

Methyl alcohol does not give the iodoform reaction 

Uses of Methyl Alcohol. -Methyl alcohol is ^ “ j 

solvent, partic^arly in as racthylaniline, 

':i^l nLTiXlLXtrt^f dyes, and -tM 

Bome of these give diohronmto and 

(2) Warm a drop of methy of formaldehyde 

•ulphurio acid ea in Expt. 5 (6). N 5 o e*^ of concontratetl acidihed 

(3) Heat 1 drop oC Tnothyl^cotol XUi.o of CO, (difforonco 

potassium pormongaiiato Bolution. 

from ethyl alcohol). i i « toKt-tube, just to boiling. Remove 

of these are of any practicM 

importance. They are made as a rule ‘J^[^‘*'®J,y”Xtcra”of the 

given in § 36, or by the catalytic -f-;^:-\°2afnrprtary alcohols 

higher fatty acids. All ‘ temperatures. Those of 

below n-decyl alcohol are liquids at y 
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higher molecular weight are waxy solids. The boiling points rise 
with increase of molecular weight, while the solubility in water 
steadily decreases (p. 72). 

The chemical properties of the primary alcohols closely resemble 
those of ethyl alcohol. With the exception of tsopropyl alcohol, they 
do not, however, give the iodoform reaction. Their reactivity steadily 
becomes less as the number of carbon atoms in the molecule increases. 

50. Butyl Alcohol, C4H10O. — In the manufacture of acetone by 
the fermentation process n-butyl alcohol is produced in greater 
quantities than industry can readily use. In this process the bacillus 
butylicu.s is cultivated in solutions of starch and other carbohydrates, 
which it transforms into n-butyl alcohol and acetone in the proper* 
tion of 2 : 1, carbon dioxide and h3'drogen being evolved. It is used 
to an increasing extent as a solvent for cellulose lacquers (§ 290). 

51. MoAmyl alcohol, CtllioO, CH 3 — cn— CIIs— CHa UH U the beat 

I 

Cllg 

known of tho higher primary alcoliola. It is obtained as a by-product in 
tho preparation of ethyl alcohol by tho forinentation of atarch (e.g., potatoes), 
and is the chief constituent of the ‘fiisol-oil.’ which is the last part of the 
product to ilidtil over in tho liistillatiun of spirits from a plain still. In the 
‘Coffey Still’ it is chiefly contained in the feints. 

It is a liquid of a burning to-ste, boiling at IHI-G® C.; it is sparingly soluble 
in water to the extent of about 2 per cent, at 15® C. 

Its chotnical reaction.H are aiinilur to those of ethyl uleohol. 

.•\jnyl alcultol finds a considerable use in making nrnyl acetate (much used 
as a solvent for cullutoid and celluloHO esters) ami amyl nitrite, used in 
incdicine (§ and it is used in the manufacture «)f isoprene wliich can be 
convertcil into syntluitic rulibor (§ IStl). Coniinercial ninyl alcohol always 
contains a variable quantity of d-uinyl alcohol. CHa-CHa-CH-CHg-OH and 

die vurieiis ninvl <feri%iitives rnn<le from it always centaiii at least two iso 
of different boiling points and ntlier physii-al properties. 

SECONDARY ALCOHOLS 

5:?. Preparation and Properties oJ Secondary Alcohols. — Tho 

H 

I 

secon lary alcohols contain tho group X — C — \ where X, Y are 

1 

OH 

a!Uyl groups, and consequentlj’ the first of tl>e .series is secondary 
]iropvl alcohol or wopropj'l alcohol, 

H H H 

1 I I 

H— C— C— C— 11 


H OHH 
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which is usuaUy prepared by reducing acetone with sodium amalgam 

CH, CH3 


CO + 2H = H— C— OH 


CH 


CH 


The secondary alcohols are similar in ^ . 

primary alcohols. They differ from them chcmicall} ' 

L effect of oxidising agents, which convert sccondaryjlcolml, to 
ketones. Thus, isopropyl alcohol is oxidised to acetone. 

H 


CH3— C— CH3 + O = CH3— (^CH3 + HjC 

I I' 

OH ^ 

while n-propyl alcohol gives propionaldehyde:— 

H 


CH3— CH2— c— H + o = CH3— CH, c 

OH ^ 


— H 


tertiary alcohols 

63. Tertiary Alcohols.— Tertiary alcohols contain the grouping 

Y 

LoH where X, Y. Z are alkyl gronps. The lowest mc.nbor ..1 


butyl alcohol or trimethylcarbinol:— 

CH, 


the series is therefore tertiary 


CH 3 — C— OH 


CH 


They are distinguished from a^r^lrvigmou^^^ enough 

comparatively resUtant to oxidation * , includiniz fatty 
oxi^. breaking up into a number of products, including tatty 

acids and carbon dioxide. 
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The preparation of tertiary butyl alcohol is described in § 163, Expt. 46 


Tertiary amyl alcohol 



'OH has been uaed in medicine as a 

CHa 

hypnotic, but is not much employed to-day. It is sometim^ caUed ^ylene 
hydrate. It is prepared by converting «oamyl alcohol into amylene by 
treatment with a dehydrating agent, e.g.. zinc chloride. The amylene w 
converted into amyl hydrogen sulphate by the action of sulphuno acid, and 
this, when treated with alkali, gives tertiary amyl alcohol. 


- HoO 

(CHalaCHCHsCHa-OH > 


{CHa)2 


HSO 4 H 

k 


CH 




(CHslaCHCH = CHa 

AlgOa {catalyst) 
at 630° C. 

(CHalaC * CH-CH* 


\ EOR 

(CHa)2C(OH)CaH6 


53a. Halogen-substituted Alcohols. — By indirect methods various 
alcohols may bo prepared in which some of the hydrogen atoms attached to 
the carbon atoms are replaced by halogen atoms. Some of these we useful 
ns hypnotics or aniBsthetica. Tribromethyl alcohol CBrj’CHjOH is kno^ro 
as Avertin. and is used as an anssthetic, especially in obstetno work, 
'i'riuhluroinothyl-dimethylcarbinol 
CHs 

CCI 3 — C— OH is known as Chlorehm«. It is made by the action of chloroform 


CH, 


on acetone and iB a ueeful gastric sedative of espeoiol use for relioviog 
nausea e.g. eea-sicknesa* 


QUESTIONS 

(1) Wliat evidence is there that ethyl alcohol contains a hydroxyl group? 
Compare its properties with those of (o) sodium hydroxidot (&) water. 

(2) Doscribe the preparation of pure ethyl alcohol from glucose. 

(3) How would you attempt to detect the presence of alcohol in a specimen 
of gingcr^beor! 

(4) ilow does alcohol react with acids in general? In what respect does its 
reaction with (a) sulphuric acid, ( 6 ) nitric acid, deport from the general rule? 

(5) Describe the effect of oxidising agents on ethyl alcohol. How can an 
oxidising ngont be used to detect the presence of methyl alcohol in ethyl 
alcohol? 

(0) Give equations for the reactions of ethyl alcohol with (1) phosphorus 
pontachlorido. (2) sulphuric acid, (3) chromic acid, (4) bleaching powder, 
(5) iodine in presence of alkali, ( 6 ) atmospheric oxygen. 

(7) How is methyl alcohol prepared? In what respects does it differ from 
ethyl alcohol? 

( 8 ) What are primary^ aecc7idary and tertiary alcohols? Write the formula 
of one member of each clc-sa and explain the effect of oxidising agents upon it- 

(9) Write the fonnulte for 5 ec.“but 5 d alcohol, < 4 ri.-amyl alcohol, ise-propyl 
alcohol, mothyldiothylcarbinol, and name the alcohols of the fonDubs:— 

CHa CH(OH) CHa CHa; (CHalgOH-CH^OH 

{CHsljC OU; CHg CHa-CH,OH. 
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halogen derivatives of the 

PARAFFIN HYDROCARBONS 

54 Number and Nomenclature of Halogen Derivativ^.-It has 

already been seen (§ ThL''eth™nrvi°e“dT nine 

replaced step by step by halogen atoms. 

chloro-compounds:— 

P H Cl 

One monochloroetl.ane • ' pH ‘cHCL and CH^CI CH.CI. 

Two dichloroethanes . ■ • ^“’(Ji.chCL and CH3 CCI3. 

Two triohloroethanea . • • Vl-CCl, a'nd CHCI3 CHCI.. 

Two tetrachloroetbanes • p,jpi 

One pentachloroetbane • ^ * 

One hexacbloroethano . . • 3 * 

Fortunately for the student of organio chemistry, very few o 

these are of importance. Uvrlmcarbons are by far the 

The monohalogen derivatives of the 'O’ 

rcVru:r^vr:iL“rth:s:rivatives of the erst ave hyd™. 

“”T“nohai:gin' derivatives of the paraTins are regarded as 

“ I, I 

balides of the radicals, methyl H— . ethyl H CV- ^ 

H H 


H 


Thus the compound 0,11,1 can be caUed ethyl iodide or mono-iodo- 

'‘tZ univalent radicals such as the above, of formula C„H 3 „ a . are 
called alkyl radicals (§ 23a). 

ISOMEBISM OF THE MoHOCM.-OnoFABAFFlNS 

One Monochloromethane. 
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One Monochloroethane. 

H H 

— i— i— Cl 

Two Monocbloropropanes. 

H H H H Cl H 

h-JLLLh 

U U i 

Foot Monochlorobntanes. 

H H H H H H Cl H 

n-LLi-i 

i .U i i U 


C— H 


H H H 

(I— r C C— Cl 

I I 

H H 

H— C— H 

I 

U 

Eight Monochloropentanes. 

H H H H H II H H Cl II 

h il A A A A A A 


II H 

I I 
n— c -c 


II 

I 

C - Cl fl 


H !( 


a H 

I I 
c— c 

I I 

II H 


Cl H 

I I 

c — c- 


H 

-Lh 

A 


H— C— H 

I 

H 


II H Cl H H 

.A-A-Lt-k-H 

A A A A A 


H H 

I ( 


— HCl— C— C- 


H H 

<l_Ln 


i 

11 


A A 


-c— II 
I 

a 


-Li 


H 

1 

Cl 

t 

11 

11 

r 

a 

1 

PI r ’ 


11 

1 

ll—C^ 

(’ 



t 

('_! 1 


IT 

1 

a 

V 

1 

a 

* r 


1 L 

1 

H 

• % 

V. 1 ' — l, — 

1 

H 

Q 

— O — ti 
1 

a 


II- C- - 


II— c— a 

I 

a 


a 



ETHYL BROMIDE "9 

The above compounds are distinguished by Greek letters, indi- 
cating the position of the halogen atom. Thus 

CH3 CH2 CHCI CH 3 CH j CH 3 

is y-chlorohexane, while CH 3 CHC 1 CH(CH 3 ) CH 3 -CH 3 is ^-cliloro. 

y-methyl-pentane. detail only the monohalides of 



methane or ethane (§§ 24, 25). 

CH, + CU = CH 3 CI + HCl. 

The method is not used in the labomtory because the preparation 

from the alcohols is so easy and e ^ Alcohols The lialidcs 

56. Preparation ^r^-f P-.o-sphorus 

are usuaUy chloride, methyl bromide and 

on the appropriate ^Icoho . laboratory, as tliey are 

ethyl chloride are not^isu lb P 

gases, and therefore m«c i * • ^ ijnnids at room temperature, 

tnd methyl or ethyl iodide which ^^^^t uLiiig the alcohol 

The preparation is usijalb au'd forms the 

with red phosphorus. Ihe halogen 

phosphorus halide, t.g., 

^ ^ 2P + SBrj = 2PBr8, 

this then reacts with the alcohol 


OH 


/Br HO C 2 H 3 r>/ nvi -i- ‘?r H Br 

p/sr + HOC 3 H 3 = P-OH + SC.H.llr 

^Br HOejIft ^On 

p.-pw». 

:srf.ZJ 

anhydrous calcium chloride. Bromtae.— In a 250-c.c. distil- 

Bxp«.7. ethyl alcohol [which should 

ling flask are over quicklime (§30)] and 10 g. of 

preferably have been passes through a cork in the neck 

rod phosphorus. A tap- ^ The flask is connected 

and .mntains ^ ^ ^-r whicl. is connected by an adapter 

rydVg:"r:dr:id^^^^ evo.ved. The flask is 



80 


HALIDES OF THE PARAFFINS 


surrounded by a water-bath containing cold water. The 
bromine is added a few drops at a time at such a rate that no 
liquid distils over. A good deal of heat is evolved. When all 
the bromine has been added the flask is left to stand for a few 



) ( 





Fia. 20.— rr.‘puration of Etliyl Bn.tnido. using Phosphonia and Bromine. 


hours, preferably over-night. The tap-funnel is then replaced 
by a thermometer ami the water-bath is heated. The liquid 
distilling up to 00“ C. is collected. This consists of ethyl 
bromide (b.p. 3S-4“ C.) with some alcohol, water, hj'drogen 
bromide, etc. It is poured into a separating funnel and dilute 
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sodium hydroxide is added (Fig. 20). The funnel is stoppered 
and the Uquids are violently shaken together, the pressure being 
relieved from time to time by loosening the stopper. The ethyl 
bromide is now left to settle to the bottom and is run off into 
a flask, in which are placed a few large pieces of fused calcium 
chloride. The flask is firmly corked and left for some hours. 
The ethyl bromide is then poured off and redistilled, the liquid 
boiling between 37" C. and 40" C., being collected separately 
and stored in a well-stoppered bottle. 

Expt. 8. Preparaiion oj Methyl /oduie.-The method and 
apparatus is in principle the same as that described for etlij 
bromide (Expt. 7). The tap-funnel is not used however, am 
a thermometer takes its place. 6 G. of red phosphorus am 
18 g. of dry methyl alcohol are placed m the oO G. o 

dry^ powdered iodine are weighed out and added, a httle at a 
time to the contents of the flask, which is gently shaken ^ 
each addition. After standing for some hours, the methyl lod e 
U distilled over and purifled in the same way as e h>l bromide 
(b.p. of methyl iodide 42-3° C.). It should be stored in the dark, 

AS light liberates iodine from it. 

Ethyl bromide can readily be prepared from ethyl alcohol by the 
action of hydrogen bromide. As the action of acids on alcoho 
(§§42, 90) takes Vace most readily in presence of strong acids an 

In absence of water, the use of aqueous ^id to a"ct 0^1 

advisable. The best method is to aUow suliihuric ^ 

mixture of potassium bromide and the alcohol. The hydrogen 
bromide liberated reacts with the alcohol and forms ethyl bromide. 

KBr + U,SO. = KHSO. -f- HlSr 

CaHsOH + HBr = CaH^Br + HjO 

which is distiUed over, and purified as m Expt. 7. 

w. s- .../ Rrntnide — 100 G. of concen- 

tratf su%hurTc“rcid are poured slowly -t'-t-dy storing 

^rTe^d to a condenser with an adaptor jus dipping under 
The mixture of acid and alcohol is added from a tap- 
"unnei the contents of the flask being well shaken from time 
to tSe and the Uquid is then distilled by gentle heating 
^ig 21). Ethyl bromide passes over and sin^ to the bottom 
of the beaker When no more droplets of ethyl bromide pass 
fver tlm heatinris stopped and the ethyl bromide is separated 
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by means of a separating funnel, shaken with dilute alkali and 
dried and redistilled as in Expt. 7. 

57. Properties of the Alkyl Monohalides. — The monohalides of 
ethane and methane are gases or colourless liquids with a peculiar 
chloroform-like odour. They are nearly insoluble in water. Their 
Im ilin g points and densities are given in the table below: — 



Km. :2l.— Preparation of Ethyl Bromido. using Potassium Bromide. 


Hiiliilo. ! 

1 ( 

i 

K ‘ ^rrnulii. 

li.P. 

Dt^n^ity of Liquid^ 



1 

Mothyl chloriflo . . 1 

Mothyl hromicio 

Methyl irtdiilo 

Kthvi chloridn 

Kth^'l hrnitudo 

Ethyl ' 

i CH 3 C 1 
i Cl 1 Br 

CH 3 I 

CnHfiCl 
, C.-lIJir 
C.HjI 

' 4-5“’ 

, 42-3® 

1 12 - 6 » 

38-37“ 

1 1 

1 

0- 95 /0“C. 

1- 73/0“C. 

2- 28/16“ C. 

0- 92 /0“C. 

1- 47/15“C. 

1-94 /16“C. 


The liquids are excellent solvents for organic substances, though 
rarely employed for this purpose. 

58. Chemical Reactions of the Alkyl Monohalides.— The reactions 
ot a typical alkyl halide — ethyl bromide — are sho^vn on p. 83. It 
V ill be seen that a remarkable range of compounds may be made 
from the alkyl haUdes, and they are in fact one of the most useful 

til SI in^^ new sub.stances. 

Xhe alkyl halide.s burn with a green-edged flame, but are not 
readily oxidised by ordinary oxidising agents. 
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REACTIONS OF ETHYL BROMIDE. 


H 

1 



(Giignard Reagent) 
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They may be reduced by nascent hydrogen, c.gr., zinc and hydro- 
chloric acid, to the hydrocarbons: — 

CH 3 I + 2H = CH. 4- HI. 

Their most important reaction is that by which they react with the 
salts of metals, preferably those of potassium or silver, forming 
compounds of the alkyl group and the acid radical of the salt. 

Thus we may make ethyl cyanide by the action of potassium 
cyanide on ethyl bromide (cf. § 144): — 

KCN + CaHjBr = KBr + CaH^CN. 

Ethyl nitrate may bo made by the action of cold ethyl iodide on 
powdered silver nitrate: — 

CaHJ H- AgNOa = CaH^NOg + Agl. 

These reactions superficially resemble those of the halide of a metal. 
Thus with sodium iodide and silver nitrate we have the reaction 

Nal + AgNOj = NaNOa 4* -Agl- 

The great difference between the reaction of, say, a sodium com- 
pound and an ethyl compoxind is that the former is a polar or ionised 
compound. Polar compounds undergo double decompositions such 
as the above almost instantaneously and ^vith all classes of salts. 
Non-polar halides, such as the alkyl compounds, react comparatively 
slowly and in many cases give a ver}’^ poor yield of the product. 

Somewhat analogous to the.se reactions is the synthesis of ethyl 
ether from an ethyl halide and sodium ethoxide. These react giving 
ethyl ether and a sodium halide (see § 102): 

CaHeO Na 4- Br CsHg = C3H5— 0 — 4- NaBr. 

\\Tion an ethyl halide is treated with ammonia imder pressure 
ethylamine {§ 124) is formed, together with secondary and tertiary 
aminos (§§ 126-8). 

C.H^a + NH3 = C2H3NH3 + HQ. 

The action of aqueous alkalis on the alkyl halides gives the 
alcohols, the reaction in some cases being slow and requiring long 
boiling: 

C.H J 4- KOH = CaH.OH 4- KI. 

Potassium hydroxide dissolved in alcohol, however, converts 
eth3’l halides ijito ethylene, 

Cilal CHa 

I 4 - KOH = KI 4 - HjO + 11 

CHj CHa 
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ETHYLIDENE CHLORIDE 
The action of metals on the alkyl halides differs according to the 

metel employed. The action of sodium yields a hydrocarbon. Thu , 

ethyl bromide and sodium yield butane: 

C^H^Br 

2Na = 1 + 2JsaBr. 

CaHjBr 

Certain other metals form alkyl compounds of 

The formation of alkyl zincs and alkyl magnesium hahdes is discussed 
in Chapter XXI. 

^‘IrWarm and shake »ith a<,ueons silver nitrate. Ppt. ef AgBr very 

“''’(':!\va™n1rith a solution of Na^S in alcohol: powerful odour of diethy 

■“(l^'show mat liquid does not b.n-n, though vapour will burn if main, 
tained in contact with a duroe. 


DIHALIDES OF METHANE AND ETHANE 

_ ^TT TJo Dichloromethane, dibrouio- 

69. Methylene Hahdes. ^ knowm and are also called 

methane, and di-iodomethane are radical =CHs is 

methylene chloride, bromide an _ j derivatives may be 

known as methylene. The chlorine and ^ bromide- 

made by the action of the halogen on methyl chloride ana 

CH^Br + Br. = CH,Br, + HBr. 

tL m^rwhy o^iy\te“t^^ ohloride. bromide and iodide 

Co-PO^t- CH^r- ‘^C hTcI and 
two isomeric dichloroethanea can * action of chlorine on 

CHa. - CH.. The first ^ made the action 

ethylene and is called ®thylene c o (§ 70 ) is called 

action of phosphorus pentachlon iodine compounds exist. 

ethyUdene chloride. ethylene chloride are on the 

EthyUne. Chloride. — The react Xhus tlic halogen 

whole simUar to those of the .L act^ of metalUc 

atom may be replaced by other groups through the action 
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salts, and boiling alkalis slowly conyert it into an alcohol with two 
hydroxyl groups, known as glycol (§ 188): 

CHaa CHaOH 

j + 2K0H = I 4- 2KC1. 

CHaQ CHaOH 

Ethylene dibromide is very similar (v. § 169). 

Ethylidene chloride, CHa'CHClgi made by treating acetaldehyde 
with phosphorus pentachloride (§ 70): 


CHg CH, 

CHO + PCI* CHaa + FOCI, 

It is a colourless liquid boiling at 60® C. The action of alkalis upon it 
does not result in the formation of an alcohol, CH 8 'CH(OH)a. It is 
very rare for two hydroxyl groups to remain attached to the same 
carbon atom and accordingly acetaldehyde is produced: 


CH, 


CHCl, 


CH, 

+ 2HaO = 2Ha-f- | /OH 

CH<( 


CH, 


CH 




OH = 


CH, 


\ 


OH 


OH 


+ HaO 


H— C=0 


TRIHAUDES OF METHANE AND ETHANE 

The compounds chloroform, CHCl,, and iodoform CHI„ are of 
practical value in medicine. Broraoform has not yet found practical 
uses. 

61. Chloroform, Trichloromethane, CHCl,.— Chloroform is formed 
when chlorine acts on methane (§ 24), but the method is not of 
practical value. 

It is ordinarily made by the action of bleaching powder on ethyl 
alcohol or acetone. The action is rather complex. Probably the 
alcohol is first oxidised to acetaldehyde, CH,-CHO, then chlorinated 
to chloral, trichloroaldehyde, CCl, CHO, which is then hydrolysed 
to chloroform and a formate: 

(1) CHa-CHjOH 4 - CaOa, = CH, CHO 4- H,0 4- CaCl„ 

(2) 2 CH 3 CHO + GCaOCl, = 2 CCI 3 CHO 4- 3Caa,4-3Ca(OH)j, 

(3) 2CC18 CHO 4- Ca(OH )8 = (H’C0-0),Ca + 2CHC1*, 

or 2C,HaO H- SCaOCI, = 2CHa, 4 - (H CO O),Ca 4- fiCaCl, 4- 

2Ca(OH),4- 2H,0. 
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The reaction with acetone is similar, the stages being 

( 1 ) acetone, CH 3 — CO — CH 3 . 

(2) trichloroacetone, CCI 3 — CO — CHg. 

(3) chloroform. CHClj, and calcium acetate, CaiCHa COO),. 

Expi. Preparation of CWoro/orm.— Arrange a 1.500 c.c. 

flask connected by a cork and wi.ie bent tube to a condenser 

and receiver as in Fig. 22. 



Fio. 22. Proparation of Cliloroform. 


150 G of bleaching powder are placed in a large basin or 

mortar and 600 c.c. of water f ^Ae suTp^nsion 

stirring and -bbing so as W break ‘■J, tre added 

is ponred -to *hc flask and 3o .c^of^_^ 

and weU mixed. 1 bo flask .s tu ..^thdrawn until the 

the reaction starts. contents of the flask are then 

reaction continued until no more heavy 

gently heated and dlst.Uat.on ^ Tbo Chloroform is separated 
drops of chloroform come 7 ) 

any -)™ J-P^^ng hU»afl'<>"® “‘‘I 

I. — i--- ■ “ 
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way. The presence of carbonyl chloride and hydrogen chloride in 
chloroform is detected by shaking it with silver nitrate solution. 
This does not react with chloroform, but gives a white precipitate of 
silver chloride with the above impurities. 

Physical Chloroform is a colourless liquid with a 

sweetish taste and an ethereal odour. It is a valuable anffisthetio, 
being employed either pure or in conjunction with alcohol and 
ether. 

Chloroform boils at 61-2® C. It is heavier than water (d = 1-63). 
It is very slightly soluble in water (1 : 200), and is a useful solvent for 
many substances, e.g., fats, india-rubber, alkaloids, etc. 

Chemical Properties . — Chloroform is not inflammable. It is not a 
very reactive substance. 

Powerful reducing agents, e.g., zinc dust and water, will reduce it to 
lower chlorides and Anally to methane: 

CHa, + 6H = CH* + 3Ha. 

A solution of potassium hydroxide in water does not attack it, but a 
solution in alcohol, alcoholic potash,* produces potassium formate 
and chloride. The reactions may be represented as the formation of a 

hypothetical trihydroxymethane which breaks up to formic acid and 
water: 


a 


/OH 

H -C^Cl + 3KOH = H - C;^OH + 3Ka 
\C1 \0H 


H - 


^OH 
C<^OH 


\ 


\ 


/OH 

^0 


OH 


H - C 


/OH OK 

/ + KOH = H - C^ -I- HjO 

O 


X 


or 


CHClj + 4KOH = HCOOK + SKQ + 2HjO. 


h characteristic reaction of chloroform, known as the caLrbylamioe 
teat, is the formation of a strong-smelling wocyanide with alcoholic 
potash and an amine (§ 1-46). Thus, on warming chloroform with 
alcohoUc pot^ish and anUine, the powerful and disgusting smell of 
phenyl isocyanide is perceived: 

C.HjNH, CHOI 3 -f- 3KOH = C,H* NC + 3KC1 -f- 3H,0. 


IODOFORM 
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Expt. 12 . — HeactioM oj Chloroform. — (1) Show that silver nitrate and 
potassium permanganate do not react with chloroform. 

(2) Heat with alcohoUc potash. Fotassium chloride and formate 

produ^d^t J chloroform with 3 e.c. Fehllng's solution. Note this 

is reduced. (The chloroform gives potassium carbonate and chlonde.) 

(4) To 1 o.c. alcohoUc potash add 1 drop aniline and 1 dr^ chloroform. 
Waim. Strong odour of phenyl isocyanide. The smell can ^ removed b> 
addition of cone, hydrochloric acid, which hydrolyses the isocyonide. 

(5) Show that chloroform does not burn. 

62. Bromolorm, CHBra. much resembles chloroform and is made 
in a similar manner by the action of a hypobroimte on acetone. It 

is a liquid of very high specific gravity (2-9). 

63. lodofonn, CHIa-— Iodoform is of some medjcal importance. 
It is made by the action of iodine and an alkah (tvhich form a 
hypoiodite) upon ethyl alcohol or acetone. The reactions are 
similar to those described under the heading chloroform, and prob- 

ably follow a similar cotirse. i i 

If ethyl alcohol, iodine and caustic potash are emplojed the 
equation is: 

4Ta 4- 6K0H H- CjH^OH = CHI, + H CO-OK + 5KI + 5H,0. 

The practical method is different from that employed to prepare 
chloroform, owing to the fact that iodoform is a sobd. 

Expt. lZ.-Preparati<m of lodcform.-Di^oWe 2 parts of 
crysteUised sodium carbonate in 10 parts of water and add 1 
part of ethyl alcohol. Warm to ca. 70“ C. and slowly add 1 part 
of iodine, stirring tiU the Uquid becomes colourless. Allow to 
cool; filter off the iodoform, wash it and dry it. 

The formation of iodoform in the above manner is used as a test for 

^'pr^e^^'o/’/odo/orm.-Iodoform crystallises in lemom yellow 

rosette^ consisting of hexagonal plates It T.^rdS^t 11^“ C 
oharacteristio smeU reminiscent of the hosp.tal It C. 

and decomposes below its boiling point. Iodoform is almost m. 

soluble in water but “““y ^ ' exerting a mUd action 

It finds a use as an antiseptic in surgery, exeremg . 

without the irritating effect of iodine and many “‘ “i;; 

Iodoform is less stable than chloroform In solutiM it la rapidly 

oxidised in presence of oxygen and light, hboratmg i^ine. 

It reacts ^th silver nitrate, precipitating silver iodide. 

COMPOUNDS OF CARBON AND HALOGENS ONLY 

Carbon tetrachloride, tetrahromide and 
as ah«, are carbon hexachloride. C.Cl,. and one or two other com 
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pounds of carbon and halogens only. Carbon tetrachloride is the 
most important of these. 

64. Carbon Tetrachloride* CCI 4 . — Carbon tetrachloride can be 
made by the action of chlorine upon methane (§ 24), but is commonly 
made by the action of chlorine upon carbon disulphide in presence of 
aluminium chloride, which acts as a catalyst, 

cs* + 3a, = ca* 4. s,a,. 

It is a heavy colourless liquid with a chloroform-like odour. It 
boils at 77® C. It is used as a solvent and also as a fire extinguisher 
(P 3 Tene). Its heavy non-inflammable vapour excludes the air from 
the burning object and so extinguishes it. 

It is a very stable substance, and is attacked by none of the 
commoner reagents. Sulphur trioxide or fuming sulphuric acid 
converts it into carbonyl chloride (§ 305). 

Carbon hexachloridcy CjCl*, or hexachloroethane, is a white 
volatile crystalline solid with a camphor -like odour. 


FLUORINE COMPOUNDS 


I'luorinc derivatives of the paraffins are treated separately, since 
they do not behave like the other halides and until recently were 
com[>arativi.‘ly unknown. During and since the war the chemistry 
f)f fiiiorino compounds has been investigated intensively and 
niioriiuition is now a commercial process. 
rreparafion of Jhtorocnrbon.'i. 

(1) Flimrine reacts with carbon at temperatures above 600® C. to 
c cartion tvtrafiuoride CT ^ and a number of higher fluorocarbons. 

(lh-..Av -iohd m<jnolluoride (CF)n is produced.) A similar 

mixture' is ? ' tained if fluorine is fliluted with nitrogen and the 
flnormation , -arriefl out at a temperature of 150® C. in a metal 
tube packeil wi n co{>per gauze. 

(2) llydroL'cn fluoride fluorinates hydrocarbons both by addition 
to double bonds and by replacement of the halogen atoms by 
fluormc. 


RtCII : ClIRj -}- UF = R^CH, • CilFR, 

CCI^ 2HI*’ = CCI 0 F 2 4 2Ha 

(3) If the fluoriiiation is carried out in the presence of compounds 
such cobaltous fluoride «.ir silver fluoride complete fluorination of the 
liydrocarbons is obtniiu'd. Jt is believed that the fluoride of the 
inorganic compound is converted to a higher fluoride which then 
fluorinates the paraffin, for example, cobaltous fluoride is converted 
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to cobaltic fluoride which then fluorinates by losing a fluorine atom 
to the paraflfln reforming cobaltous fluoride. 

(4) Sometimes pjTolysia is used, for example: 

2CHFs.Cl = CoF* + 2HC1. 


Chemical Properties of the Fluorine Compounds. 

The lower primary alkyl monofluorides are gases; the lugher 
members of the series (above four carbon atoms) are unstab e. 
Secondary and tertiary alkyl monofluorides 

Alkyl fluorides are easily hydrolysed by strong acids to the corre- 
sponding alcohol. They do not react with sodium nor do they form 
Grignard reagents. Substitution of two or more 

the^me carbon gives a much more stable compoun^d. CWorflu - 
derivatives of methane and ethane are used 
such compound is difluorodichloromethane, 

fluorinated compounds are very inert and are used as lubncan 
and plastics. 


QUESTIONS 

(1, How would you prepare a .peelmen of e.1,,1 bromide from ethyl uleohol 

“(%"lTXa\^rp?c°s‘Xere°hyr^ r^aemble and differ fro.n the 

bromide of a metal? . , . rwfri^> ncid and silver nitrate 

(3) 1 060 G of an alkyl br"m,do were preeipi.a.ed 

according to the Canu-s method. 1 5-7 nor vent, hydrogen, ond 

The substanea contaumd 29^3 P--'“„- Hrf:;^iulaV Could more than on. 

Its vapour density was Ul o. nuv 

substance have this formula? vAoorised in a Victor Moyer apparatus 

(4) 0-25 G. of an alkyl iodide water at 13* C. an.l 761 inrn. 

and displaced 38-1 c.c. of v what U its molecular weight 

“tofXs'lJriLe the effert of .odium, .odium hy.lruxi.le, .odiuu. eyauide and 

sodium othoxide on othyl . , (a) ethyl iodi<lc. {h) ethylidene 

(0) What substances V with caustic potash solution? 

chloride, (c) chloroform ^ of cldoroform. What impiintios 

(7) Describe the preparation of a spccinu detected and 

are commonly found in chloroform, and how may / 

^r: m.d;^ i^^. 
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THE ALDEHYDES 


65. The Aldehydic Group. — When a primary alcohol is oxidised, 
the first product is an aldehyde. The aldehydes are characterised by 
the group — C — H usually ^xitten — CHO. 


O 


The evidence for the structure of this group is given under acetalde- 
hyde (§ 69). The aldehydes share many of their properties with the 
ketones (Chap. IX), which also contain the — C — group. 

II 

O 


66. Nomenclature. — The aldehydes are ordinarily named from 
the acid which is formed when they are oxidised. Thus form- 
aldehyde H — C — H is so named because it is oxidised to formic acid. 


o 


H-CO-OH, butyraldehyde CH 3 'CH 2 'CH 2 *CHO because it is oxidised 
to butjTic acid. 

Alternatively, the termination -al replaces the final -e in the name 
of the hydrocarbon with the same number of carbon atoms as the 
aldehyde. Thus acetaldehyde CHs-CHO may be called ethanal. 

1 ho simplest aldehyde is formaldehyde H — C — H; a list of the 

II 

O 

lower aldehyji 'c erived from the paraflSn series of hydrocarbons is 
given below. 


Aldohycio* 

1 

Fomiula. 

B.P. 

Density. 

Solubility 
in water* 

Formaldehyde . i 
Acetaldehyde 
Propionaldehydo 
n^Butyraldohyde , 
n-Valoraldehyde . 

Jt cuo 
CH,CHO 

CaHfi-CHO 

CgH^CHO 

C^HpCHO 

1 

20S'" 

49-5“ 

73*’ 

1 102** 

0 815/— 20® C. 
0-79/16® C. 
0-807 /20®C. 
0-817 /20®C. 
0-819 /U-2®C. 

Miscible 

Miscible 

1 : 6 /20^ a 

1 ; 27 

1 


Other compounds containing the aldehyde grouping include the 
unsaturated aldeh 3 ^des {§ 177), aromatic aldehydes (§ 450), etc. Some 
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ACETALDEHYDE 

of the sugars, though not actually aldehydes, react in a very similar 

manner (§§ 265, 272). , * i i * 

67. Acetaldehyde. EthanaU CaH^O.— tormaldehyde. the firet 

member of the series, differs in some important respects from the 

others: it is convenient therefore to consider acetaldehyde first, as 

being a typical member of the series of aldehydes. 

Prepar<Uion of Acetaldehyde. -The most important method of 
preparing aldehydes is by the oxidation of alcohols. 

(1) Numerous methods of oxidation may be used, but the usual 
method employed is the oxidation of ethyl alcohol by a solution of 
potassium dichromate and sulphuric acid (see Expt. 14). 

K,Cr,0, + 6 H,SO. + 3 C,H.O = 3C,H.O + 7H,0 + 

(2) Oxidation by atmospheric air, using metallic platinum or 
copiLr as a catalyirt. can bo employed (method as ,mder Formalde- 

hyde: Expt. 20): — 

2CHaCHaOH + O, - 2CH3CHO + -U^O. 

(3) Acetaldehyde is prepared on the commereml ^y the 

direct combination of acetylene and water at oO — (»0 C. m presence 
of mercuric sulphate as a catalyst (Expt. 10). 

HjO = CsH^O. 

(4) The action of superheated crater on ethylidene ehlorKle 

(§ 60) yields aldehyde: 

CHs-CHCla + H 2 O = CH 3 CHO + -HCl. 

(5) When calcium formate is heated with calcium acetate, acet- 
aldehyde is formed: — 


Ca 




O- OCH 


CH, COO 


OOC H CHjCO O 


^Ca = 2CaCO, + 2C3H4O 


Methods (1), (4) and (5) are general "'«‘bods by ndneh the higher 
aldehydes may be preparc.l from the appropriate coinpom.ds, 

ExT>t 14 —Preparation of Acelaldehyde from Ethyl Alcohol.— 
A K * 'ii- u l/ K,oo c c 1 is fitted with a tap-funnel and 
A chst^ng H i 3 connected to a condenser. 

z S‘r.'.r ™ rsisa “=“,r 
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and the alcohol mixture is added a little at a time. The flask 
is occasionally shaken and the alcohol is added at such a rate 
that the mixture boils gently. When all has been added the 
flask is heated until 75 c.c. of distillate have passed over. The 
distilling flask is then removed. 75 G. of a^ydrous calcium 
chloride are then placed in a 250 c.c. distilling flask. This is 
placed on a water-bath and connected to the same condenser 
and receiver, and the distillate (which contains water, alcohol 
and aldehyde) is then poured upon the calcium chloride. The 
calcium chloride combines with both water and alcohol and the 



Fio. 23.— Preparation of Acotaldohydo from Ethyl Alcohol. 


aldehyde floats on the concentrated solution formed. The flask 
is gently shaken and the contents are distilled into the ice-cold 
receiver untU all the aldehyde has come off. The distillate now 
contains a large proportion of aldehyde. 

The distilling flask is cleaned out and dried and 40 g. of fresh 
calcium chloride are placed in it. The distillate is poured in and 
once more distilled into an ice-cooled receiver. It is now nearly 
pure aldehyde. (Yield about 10 g.). 

Expt. 16. Preparation of Aldehpde-a 7 nmo 7 iia . — The final 
product from L.vpt. 14 is dissolved in t^vice its volume of ether 
and placed in a large test-tube fitted to an inverted 50-c.c. 
pipette, as shown (Fig. 24). The test-tube is cooled, best by ice, 
and ammonia gas, produced by heating 0-880 ammonia and 
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dried by a Ume-tower, is passed in. After a abort Ume white 
crystals of aldehyde-ammonia separate in quantity. These may 
be dried by pressing with filter papers and stored in a well- 

®*^^vllT^piJ6^aldehyde is best obtained by distilling the^ ^th 
dilute sulphuric acid into an ice-cooled receiver and dehydrating 
the product with calcium chloride as in Expt. 14 
slpt. l6.-Formation of Acetaldehyde from 
Dissolve g. of mercuric oxide in 30 c.c. of i u P ^ 
acid. The resulting solution is placed m a wash-bottle im- 
mersed in a water-bath heated to 60° C. Acet> lene is s ow y 
passed through this solution for half an hour. The solution of 



1 when removed wiU smell of acetaldehyde. If 

mercuric sulphate when re^ collected, the weak solution 

it is distilled and the fcst ■ - Fehling’s solution, 

of acetaldehyde so obtamc ^ _A^etaldehyde U a 

68. Physical Properties of Acet^^ie^ 

colourless Uquid with a strong diluted it has a fruity 

compared te that of ivy-^e ^ 20-8° C.. and has a 

odour-not u^e J ,,.^ter in aU proportions, but may 

c.So".2 ....... .«■ »•» » 

c,u.o + 2H = CH3CH,0H, 

shown b^tbo action^f ,.:,ospUon.s pontachlonde. whnh 
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reacts with hydroxyl groups forming a chloride and hydrogen 
chloride: 


xoH -h pa^ xci -f Ha -h poci^. 

Phosphorus pentachloride and aldehyde, on the other hand, give 
ethylidene chloride, C{H4as, and no hydrogen chloride: 

CH3CHO + PCI5 = CHgCHaa + poas. 

We therefore write the formula of acetaldehyde as CH^ — C — H. 

II 

O 

70. Chemical Properties 0 ! Acetaldehyde. — 

Polymerisation. — Like many reactive substances, acetaldehyde 
tends to combine with itself and form polymcrides, i.c., compounds 
formed by the combination of two or more identical molecules. 

\ATien acetaldehyde is treated with a small quantity of sulphuric 
acid* at the ordinary temperature, paraUehyde (C3H40)3 is pro- 
duced. Paraldehyde is a colourless liquid boiling at 124® C. It is 
used in medicine as a hypnotic. 

If the above preparation is performed at 0® C. or below melalde- 
hyde, (CjH^O)^, is produced. It is a crystalline solid, which when 
heated once more produces acetaldehyde. 

W hen aldehyde is heated with an alkali a brown ‘aldehyde resin’ 
of uiiknowTi structure is produced. 

Paraldehyde has the structural formula given below, the dotted 
lines indicating the three acetaldehyde molecules. 


H 


rv 


\ / /\ / 


CH,/ 




0 


\ 


CH 


H 



\ O 

V' 


When acetaldch3'de is left in contact with dilute alkali two 
molecules can also combine in a somewhat firmer fashion to form 
aUIol. 


OH 


CH3— C— H 4- CHg 

II 

O 


— c— H = CH3— c— CH,— c— H 

II I II 

O HO 


Aldol 

. . (iS-hydroxybutyraldehyde). 

Ihis reaction should bo compared with those on pp. 98, 99. 

' SJuny ot)iGr Bubstancca may be uaod in place of sulphuric acid. 



acetaldehyde 


REACTIONS OF ACETALDEHYDE. 

H OH H H 
1111 
H-C-C-C-C=0 
I I > 

H H H 



H H 

Eihylidcnc 

Chloride 


.H + O = CH 


OH. 


O 


O 


Action of Oxidising Agents. 

Acetaldehyde is very readily CH 
oxidised to acetic acid: 

dichromate "Jt toU aa a strong reducing agent and 

re2^;^®rcr:ritahnl^^^^^ of silver salts to metaiUc silver. 
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Exjft. 17. — Reducing Action of Acetaldehyde. — solution of 
silver nitrate is treated, with ammonia until any precipitate Just 
redissolves. A little aldehyde is then added. The mixture is 
placed in a very clean test-tube and warmed by immersion in a 
beaker of warm water. A mirror of metallic silver is formed on 
the glass. 

Cupric salts in presence of alkalis are reduced to cuprous oxide. 

Eeh l i n g s solution, used as a test for aldehydes, consists of an 
alkaline solution of potassium cupritartrate. On warming it with an 
aldehyde a yellowish-red precipitate of cuprous oxide is obtained. 

Expi. 18. — To make Fehling'a Solution. — Dissolve 3-5 g. of 
crystallised copper sulphate in 60 c.c. of distilled water. In 
another 40 c.c, of distilled water dissolve 7 g. of sodium 
hydroxide and 18 g. of potassium sodium tartrate (Rochelle 
salt). This solution is diluted to 50 c.c. To test for an aldehyde 
equal volumes of the two solutions are mixed, ^ and heated. The 
suspected substance is then added and the whole heated again. 
A yellow precipitate of hydrated cuprous oxide becoming 
orange-red on further heating shows the presence of an aldehyde. 
A few substances which do not contain the aldehyde group 
reduce Fehling’s solution. 

The halogens do not oxidise aldehyde. Chlorine gives trichloro* 
aldehyde, known as chloral (§ 72): 

CH3-CHO + 3CI3 = CCI3CHO + 3 HC 1 . 

Phosphorus pentachloride converts acetaldehyde into ethvlidene 
chloride (§ 60): 

CH3 CHO -h PClfi = CH3 CHCI3 + POCI3. 

Acetaldehyde when reduced ^\ith nascent hydrogen (sodium 
amalgam and water), gives ethyl alcohol: 

CH3 CHO ~f- 2 H = CH3 CH2-OH. 

Aiklitioyi Produc/s.— Acetaldehyde reacts -with many hydrogen 
compounds forming addition products. The reaction is of the type 

X 

CH3 — C — H HJf = CH3 — C — H. 

• a 


o 


OH 


Among the hydrogen compounds with which it reacts in this way are 
ammonia, hydrogen cyanide and bisulphites. 


Solution is present in tho acid radical in the salt 
socluim potosMurn cupritartrate. For this reason the sodium hydroxide added 

llphMo .^'r^Cd Cu(OH) 3. - it would if. say. copper 
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Thus on passing ammonia gas into acetaldehyde, as described in 
Expt 15, white crystals of acetaldehyde-ammoma separate: 

NH, 


CH 


H -h NHa = CHa 


O ,, 

The compound ie readUy decomposed by acids yielding acetalde- 

Wphite when shaken with an aldehyde forms a cry. 
stalline compound: 

^ SOsNa 


CH 3 — C— H + HNaSOs = CHs— C— H 

I i,. 


These compounds are also readily decomposed by the action of acid.s 

or of alkaUs such as sodium carbonate. .... 

With hydrocyanic acid acetaldehyde cyanohy nn 


CN 



H + HCN = CH,— O-H. 


O 

In addition to the above -actions which me 

atirn'of wIL^r.‘ Thus“ TMetydes react with hydro.ylamine 

forming ct^CH:N.OH + H, 0 . 

With pl>™y and htv7 definurmelting 
“ aJd'rarusXl L identifying a|dohydes and such sugars 

(5 272) as contain a N-NH CJI, + H,0. 

Aldehyde reacts “''"“I boding at 103° C. and sparingly 

chloride and forms acetal, a liq 

soluble in water: 


OC,H, 

CH, - CH/ 4- HaO. 

\OC,H, 


HOCjH, 

CH. CH O jj Q Q H ^ 

for AUUhydes.-LhiJfs le.t for aldehydes consists of adding 
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the suspected substance to a solution of fuchsine-sulphurous acid, 
obtained by passing sulphur dioxide into a solution of the dye 
fuchsine (rosaniline) till it is decolorised. Aldehydes colour the 
resulting solution violet-red. 

Other tests are the reduction of Fehling’s solution (Expt. 18) and 
the formation of the bisulphite compound and the phenylhydrazone 
(cf. Expt. 36). 


Expt. 19. — Rexictions of Acetaldehyde. — (1) To 1 c.o. acetaldehyde add 
1 drop cone. H 2 SO 4 . Heat is produced and paraldehyde formed. Dilute, 
paraldehyde remains undissolved as an oil. 

(2) Worm -with dilute KOH (c. 5 per cent.): note formation of yellow 
solution and ppt. of aldehyde resin. 

(3) To J c.c. aldehyde add 1 c.c. water and a piece of sodium amalgam. 
Stand tcst'tube in cold water for J hr. Acidify liquid: test for ethyl 
alcohol by iodoform reaction. (Expt. 4.) 

(4) Dissolve some silver nitrate in water (bench reagent often too 
\veak). Add ammonia till brown ppt. redissolves. Add one-third volume 
aldehyde to cold solution; warm slowly. Silver formed on test-tube. 

(o) To some Schiff’s reagent (rosaniline decolorised by SOo) add some 
acctuldehydo. A pink coloration develops. 

(<>) Add 1 c.c. alilehj'de to 6 c.o. cone, sodium bisulphite solution 

(I'.xpt. 3(5), Sliuko well and cool. Crystals of the bisulphite compound 
separate. 

(7) Make up a .eohition of sodium nitroprusside. Add a drop of acetal- 
tictiyde and then NatJll solution. A cherry-red colour develops. This is 
used as u test for aldehyde. 

/I. Formaldehyde, CHoO. — Formaldehyde, the simplest of the 
aldeliydcs, differs from the others m that it is a gas. It is ordinarily 
prepared by the oxidation of methyl alcohol by atmospheric oxygen 
in presence of a suitable catalyst, such as copper or platinum: 

2 CH 3 OH + 02 = 2HCHO + 2 H 2 O. 

Erpt. 20. Preparation of Formaldehyde . — A piece of copper 
gauze is rolled into a spiral about 5 cm. long and inserted in a 
hard-glass tube. To this is connected a wash-bottle containing 
mctliyl alcohol warmed to 40’ C. and surrounded by water 
warmed to c. 45® C. To the other end is connected a waah- 
bottlo containing a little cold water and surrounded by cold 
water. Ihis wash-bottle is connected to a filter pump. The 
copper is heated and a slow’ stream of air mixed with the vapour 
of nieth\ 1 alcohol is drawTi over it. Oxidation to formaldehyde 
occurs anil forninldehyde with some methyl alcohol dissolves in 
the water in the second wash-bottle. Platinised asbestos may be 
used instead of copper gauze. 

1 ormaldchyde is produced in very small concentrations from 
carbon dioxide and water in sunlight. It is thought that this 
reaction may be a first stage in the conversion of carbon dioxide and 
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water into sugars, etc., by green plants, the mixture of green and 
yellow pigments known as chlorophyll acting as a catal3’’st (r. § 300). 

Physical Properties.— Formaldehyde is a colourless gas of intenselj’ 
irritating odour; it may be condensed to a liquid boiling ^ 

It is readily soluble in water and the formaldehyde or ‘formalin 
commonly sold is an aqueous solution containing 40 per cent, o t u 
gas. Formaldehyde is poisonous. It coagulates proteins and, 
probably for this reason, is a most effective destroyer of bacteria an 
other low forms of life. Formaldehyde is much used in biological 
work for preserving tissues of various kinds. It at once ar ens 
these and preserves them from putrefaction. 

Chemical Properties of Formaldehyjde. ^\yhen solution of 

formaldehyde is concentrated by evaporation it >nc s a v 



solid polymeride caUed •paraformaldoliydo,' or polyoxymethyleno, 
m « r,. _ '10 - 40 This is an article of coininorco and is 

S?or f^gatior., Tho soiid parafornj.aldchydc is lu-aU-d over a 

smaU lamp and evolves gaseous formaldehydo whieh acts .rs 

“ “ril<,uofied by cooling, tbe 

to another p&ymcrido. probably of formula (CH,0)3, and known 

as metaformaldehyde or aqueous solution to 

Formaldehyde "“^'^(.aeroa" (§ 2^2), a fact which 

a sugary substance coiitammg chiedy ^ ,ants might build 

'"S"Srs; tinS. .b. „.»»» f 

.1 - A. ij u T 4 * ifi nridised to formic scid it OO Dxl* It 

those of acetaldehyde^ It is o:uclisc hydrocyanic acid 

nroduccs uiinicrous addition proclucwS, y > j - u 

S bUulphites (§ 70). Formaldehyde-ammonra .s not, however. 
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produced, but instead the compound hexamethylene-tetramine is 
formed: 



This substance is used in medicine as a urinary antiseptic under the 
name of hexamine or ■urotropine. 

Formaldehyde condenses with phenols (§ 354) to form the valuable 
synthetic resins, which are much used for electrical insulation, 
ornamental hom-like and amber-like materials, etc. It also con- 
denses with urea and gives valuable plastic materials (§ 312). 

Higher Aldehydes . — Most of these are unimportant. In general 
they resemble acetaldehyde in their chemical properties. Undecyl- 
aldehyde C^jHgjO and some of the other higher aldehydes are used in 
perfumery. 

72. Chloral, TriehloroaJdehyde, CCla . CHO, is a substance of 
some importan<'e in medicine, and is used in the manufacture of the 
insec-ticido D.D.T. (dichlordiphenyltrichlorethane). 

It is prepared on the large scale by the action of chlorine on 
alcohol. The reaction is 

CHa ClfjOH -h 4Cla = CCI 3 CHO + 5HC1. 

The chlorine at once oxidises the primary alcohol group — CH 3 OH 
to the aldehyde group — CHO and substitutes itself for hydrogen in 
the methyl group. 

'I he product of the reaction ia mixed with a small quantity of 
water, whereupon ‘chloral hydrate’ crystallises out: 

OH 

CC1,CH+ 11,0 = CCI 3 — cLh 

!! I 

O OH 

This compound is one of the very few in which two hydroxyl groups 
arc attached tt» a single carbon atom. 

f liloral can also be made by the action of chlorine on acetaldehyde. 
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Properties of Chloral . — Chloral is a colourless liquid with a pungent 
odour. It boils at 97 7° C. 

It combines with water to form chloral hydrate {q.v.). In most 
respects it behaves like acetaldehyde. Thus it is oxidised to tri- 
chloroacetic acid, CCls'CO'OH. It reduces silver salts to metals and 
forms addition compounds with ammonia, hydrogen cj’anide and 
sodium bisulphite. 

When heated with solutions of alkalis it forms chloroform and a 
formate: 

CCla-CHO H- KOH = CHCI 3 + H CO OK. 

This reaction takes place during the preparation of chloroform (§61). 

73. Chloral Hydrate, CCl 3 —CH(OH) 2 .— Chloral hydrate is made 
by the action of water on chloral (tJ. supra). 

It forms monoclinic crystals with a peculiar odour and a sharp 

taste, readily soluble in water (1 : 4-7 at 17-5° C.). 

It is a valuable hjqjnotic. A dose of about 5 grains induces a 
natural and refreshing sleep; its great danger is the ease with which 
a chloral-habit is established. 


74. Butylchloral Hydrate. cHa CHCi-cci.-ciKOH).. in »iso<i m.-.n. 

Cine as a mouriH of roHoviug sovero jmin. It is obtuinod b> t lo uc tiuii o t » orme 
on paraldehyde. 


questions 

(1) Wliat ia the structural forimila of acetaldehydu? Explain tho evidence 
'^^(2)*' a* poIyineridoT lUu^itruto your 

various polymerides formed by (u) fortnaldobyde, { ) ucc . alcohol and 

(3) How would vou try to find out whether u mixture of ethyl alcohol 
air, when passed tlmough on empty glass tube at a temperature just insumciont 

to ignite itp formed any acetaldohydoT *k,.i Wliv \a 

(4) Doscribo tho preparation of acida dcOiydo from Whj is 

you try to detect tho prc.>*eiico of ^ J’ innolublo in water, 

by an experiinontal study ol it:4 ch<*ini<*al proper ns 
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THE FATTY ACIDS 

75. Structure of Fatty Acids. — When an aldehyde is oxidised, a 
compound with one additional oxygen atom is formed. This com- 
pound is an acid. In the case of acetaldehyde the compound formed 
is acetic acid, C 2 H 4 O 8 : 


CH3— C— H + O = CjH^O*. 

O 

The structure of this compound is cleared up by its reaction with 
phosphorus pentachloride. One molecule of the acid yields one 
molecule of HCl, thus, 

CS.H 4 O 2 + PCI, = CjHaOCl + POCls + Ha. 

The analogy to the reaction of alcohol (§ 42) makes it clear that 
acetic acid contains one hydroxj’l group and is CgHsO-OH. Since 
only one hydroxyl group is present, the other oxygen must be 
otherwise combined and in view of its formation from aldehyde we 
may write the formula: 

H 

I 

H~C— C— OH 

I II 

H O 

Ihe great majority of organic acids^ contain this carboxyl group 
— C — Oil, and the series of acids which consist of an alkyl group 

U 

(§ 54) and one carboxyl group are called the fatty acids. Tliis name 
was given them because the acids contained in many fats (§ 192) 
belong to this series. Their general formula is C„H,„ + , CO-OH or 

The most important fatty acids are given in the following table. 

1 But 800 uric ucid (§ .320), phoDola {§ 354), suJphoiiic acicia (§ 351). 
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lOo 


1 . 

2 

Z. 

4 

4 

5 

6 


16 

18 




Formula^* 


Formic odd . 
Acetic acid • 
Propionic acid. 
n^Butyrlc acid. 
ifoButyrIc acid 
n-ValcrIc acid « 
iroVatcric acid 


AcUtc Talerlc 
acld.^ 

Trlmethylacetic 
acid * r 
PaImJtle acid • 
Stearic acid « 


nCOjH. 
cn, 00,11 
CH. CH, CO,H 
CH,cHiCii,ro,H 

(cn,),riico,K 

CDt (On,), CO,FI 
(Cii«)gCU cfi, CO »n 
CH, 

cUtCn^cs-co.H 


(cn,),ccOin 

CuHuCO.H 

CuU,*co,n 


jj.p. 


B.r^ 


Solullllty. 


DcQ3lty« 


10 7^ 
ici y 
8* 
7y* 




sy 

C:i 0^ 
oy-3’ 


100 y 

117 

no y 
IC'Zy 

155 

185* 
173 


7* 


175* 


103* 

C78*lo«) n>ni 
l*yi;luo iniu 


>n«cibio 

MicH'le 

MisciMe 




: 27 ny C.) 

: 24 (20* C.) 


45 (20’ r.) 


I 226/15* Ci 
I 05S/1.V C. 
0 ^i^7^20’ C/ 
0 y75'o’ C<- 
(I 040, 20- C# 
0 042 20^ C. 
0 030/20' C, 


0 93$ 


u 005 ':>(>• c, 
U ‘<:>2 7 6 4* C, 
0 b521 CO 5 


Formic acid is in some respects not a tyiucal fatty acid and, 
accordingly, acetic acid may bo first considered, as eing at once le 
most important fatty acid and at the same time typical of the ^^roup. 

76. Acetic Acid. CHyCO OU.-J/uH^/^^'^^^-— acid is 
made: 

(1) By the oxidation of alcohol: 

CHa-CHaOH + 20 = CHgCOOH + HaO. 

This oxidation may be performed by atmospheric oxygen in presence 

of a suitable catalyst. , ^ i 

Platinum-black or bone-black can bo used as ^ 

most efficient method of oxidising alcohol is, by using a ° ,i.,tions 
the Mycoderma aceXi, which flounshc.s in diln ^ . brines 

and produces an enzyme or coinpl<?x organic ca a > 

about the reaction of alcohol and oxygen. nbt iinc^l bv 

Vinegar is a dilute solution of acetic acid and is obtamed bj 
fermenting wine or ‘wasl,' (a malt infusion 
undergone alcoholic fermentation )> in such a way as 

alcohol into acetic acid. . i • xvUi. 

Vinegar is oft«n made by leaving the wine 
open bung-holes for some months. Ihe manu ac ’ ...bich 

greatly shortened by the use of the ‘quick . ’■ „j.eatlv 

the siface of the alcohoUc Uquid exposed ^ "aUy 

increased. A wide and tall cylindrical vat is pac e provide a 

ehavinga or lumps of charcoal. Vents are arranged so as ^ 

free circulation of the air which is required ior the oxidation. The 

1 TIu-oe Bterooiso.ncric forms of 
and in&ctivo or c//*vttloric ttcnl. Soo Cnnpt 
discusaed. 
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shavings or charcoal are soaked in vinegar and in use soon develop a 
coating of the fungus, Mycoderma aceti (mother of vinegar). The 
dilute alcoholic solution is allowed to flow over the shavings, and 
when it reaches the bottom of the vat the alcohol originally present 
has been transformed into acetic acid. 

(2) A great part of the world’s acetic acid is made by the destruc- 
tive distillation of wood. 

Wood is a mixture of complex compounds, chiefly carbohydrates. 
When it is heated it breaks up into numerous simpler compounds, 
the chief products being: 

(i) A gas, chiefly methane, carbon monoxide and carbon dioxide. 

(ii) A brown watery liquid known as ‘pyroligneous acid which is a 
solution of acetic acid containing some 6 — 10 per cent, of the 
acid and a small proportion of methyl alcohol and acetone. 

(iii) An oily liquid insoluble in water, known as wood-tar, contain- 
ing numerous compounds resembling the cresols (§ 430). 

(iv) A solid residue of charcoal. 

The wood is usually packed into iron retorts and heated to redness. 
The ‘pyroligneous acid’ so obtained is distilled to remove and recover 
methyl alcohol and acetone, and is then neutralised with lime, impure 
calcium acetate being obtained. This product is mixed with calcium 
chloride, when calcium aceto-ohlorideCa(CtH,0,)Cl-5HjO crystallises 
out in comparatively pure condition. These crystals are rccrystallised 
and distilled with 33 per cent, sulphuric acid. The acetic acid so 
produced is concentrated by distillation. 

(3) Acetic acid is now made by preparing acetaldehyde syntheti- 
cally and oxidising it (§ 67, 70). 

Calcium ourbicle is made by heating coke and lim e in the electric 
furnace anrl this, when treated wdth water, yields acetylene. The 
acetylene is passed into a solution of mercuric sulphate in hot dilute 
fiulpliuric acid and combines with water forming acetaldehyde. 

This is oxidised by atmospheric air to acetic acid, metallic salts 
{e.g., manganous acetate, iron or uranium salts) being used as a 
catalyst: 

CnC\-f 211,0 = Ca(OH) 8 -b C,H„ 

C 5 H 3 -4- H,0 = CH 3 CIIO 
2CH3-cnO+ O, = 2CH3-CO-OH 

Purification of Acttxc Acid . — Acetic acid readily absorbs moisture 
from the air. To purify acetic acid from water it may be cooled till 
about three-quarters have solidified and the remaining quarter, 
containing most of the water, may be poured ofif. The flnal traces of 
water may be removed by determining the proportion of water 
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present by titration or otherwise, and then adding the theoretical 
amount of acetic anhydride (§ 86) necessary to convert this water 
into acetic acid. Acetic acid which is pure enough to solidify in cold 
weather is lfnn\vn as glacial acetic acid. 

77. Physical Properties of Acetic Acid. — Acetic acid forms 
colourless ice-like crystals, melting at 17“ C. to a colourless liquid, 
with a sharp vinegar-like smell. It is therefore liquid in summer and 
solid in winter in temperate climates. Acetic acid boils at 118 C. 

It is slightly heavier than water and has a density of 1055 at 
15“ C. It is miscible with water in all proportions, and absorbs 
moisture from the air. Acetic acid is a useful solvent for organic 
substances which are to be oxidised, as it is itself peculiarly resistant 


to oxidation. , . , _r 

Liquid acetic acid may be showm, by vapour density and surface 

tension measurements, to be an associated liquid and to consist 

mainly of double molecules (CjH 402 )a- 

Acetic acid burns and blisters the skin, and has been used for 

destroying warts, etc. In dilute solution it is not poisonous. 

78. Chemical Properties.— Acetic acid is a typical weak acid, 
though stronger than many organic acid.s. It reacts with many 
metals, giving acetates and hydrogen, and also with metallic oxid^ 
hydroxides and carbonates. Xinc dust and acetic acid form a useful 

reducing agent for organic substances. , . • *i 

The vapour of acetic acid bums \vith a blue flame, but in the liquid 
state or hi solution it is very resistant both to oxidation and re- 
duction; even such an energetic oxidising agent as chromium 

trioxide does not affect it. ., 

Chlorine and bromine produce substituted acetic 
when chlorine is passed into boiling acetic acid, mono-, di- and tn- 

chloroacctic acids are formed (§§ 219-222). 


CHsCO^H -H Cl, = CHjCl COaH + HCl, 

CHjCl COjH -f Cla = CHCla-COaH -H HCl 

CHaa-COaH + Cla = CClaCO,H + HCl. 

The change is catalysed by the addition of a little sulphur, and 

proceeds most rapidly in sunlight. ..ma intn 

Phosphorus trichloride and peotachlor.do convert ncet.c acid mto 

acetyl chloride: 

PPl 4- *^011 •CO OH = P(0H)3 4- SCHjCOCl, 

PCl. + ScOOH = POC,.+ CH,COC.+ Ha. 

Thionyl chloride. SOQ,, is now much used io place of the phos- 
phorus compounds. 
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Expt. 21 . — Reactions of Acetic Acid. — (1) Try ito action as an acid on 
CaC 03 and CuO: respective acetates formed. 

(2) Mix 1 c.c. acetic acid with 1 c.o. amyl alcohol and J o.c. cone. 
H 2 SO 4 . Heat: cool, dilute. Strong smell of amyl acetate (pear drops! 
is noticeable. 

(3) Heat a mixture of 1 o.c. cono. HNO 3 and } o.c. glacial acetic acid: 
no reaction. 

(4) Add a piece of phosphorus pentachloride to 1 c.o. acetic acid; 
vigorous reaction with evolution of HCl. 

79. Formic Acid, CH20f — Formic acid occurs in ants, the name 
being taken from the Latin formica, an ant. It also occurs in the 
stinging hairs of nettles. 

Preparation of Formic Acid and Formates. — 1. Sodium formate 
is made on the industrial scale by the action of carbon monoxide, 
under high pressure, on heated sodium hydroxide: 

NaOH + CO = NaOOCH 

Formic acid cannot be made &om the sodium formate so produced 
by distQling it with sulphuric acid, as carbon monoxide and water are 
produced. 

2. Formic acid is usually made on the laboratory scale by heating 
oxalic acid with glycerol to 100 — 110'^ C. and then adding more 
oxalic acid. The total result of the reaction is expressed by the 
equation: 

HOOCCO-OH = CO 2 +HCOOH 

but actually the process involves: 

(1) The production of glyceryl mono>oxalate, 

CaHaOH)^ + HaCaO* == CsHaOHla-HCaO* •+■ HjO. 

(2) This decomposes forming glyceryl monoformate. 


CHaOH 

I 

cnoH 

CHa-O-COCO-OH 


CHa'OH 

CH-OH 

I 

CHa-OCOH + CO*. 


(3) This is then decomposed by the addition of fresh oxalic acid 
producing formic acid and more glyceryl mono-oxalate: 


CH3OH CHa-OH 

i COOH I 

CU OII 4- I = CH-OH -}- HO-CO H. 

COOH I 

CHa-O-COH CHa-O-CO-COOH 

The formic acid distils over and the glycerj’l mono-oxalate again 
decomposes; and by addition of more oxaUc acid it may be made to 
yield more formic acid according to reactions (2) and (3) above. 
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Thus a little glycerol will convert a large quantity of oxalic acid into 
formio acid. 

The liquid distilling contains water. As the boiling points of formic 
acid and water are almost the same, distillation will not separate 
them. The liquid is best purified by boiling it with lead oxide, so 
producing lead formate. The solution so obtained is evaporated and 
lead formate crystallises. The well-dried crystals are packed into an 
upright Liebig condenser, being retained in position by cotton wool 
plugs. Steam is passed through the outer jacket and hydrogen 
sulphide is led downwards over the lead formate. Lead sulphide and 
formio acid are produced: 

Pb(HCOO)a + HjS = PbS + 2H-COOH, 


and the latter drains into a receiver at the base of the condenser. 
It is freed from hydrogen sulphide by distillation with a little lead 

formate. . , . r 

3. Formio acid can be obtained by careful oxidation ol form- 
aldehyde. Formates are also obtainable from hydrocyanic acid 
(§ 136) and chloroform (§ 61). 

Physical Properties of Formic dcid.— Formic acid is a colourless 
Uquid with a pungent odour, recalling that of red ants. It irritates 
and corrodes the skin. Formic acid melts at 9 C. and boils at 101 C. 
It is heavier than water (sp. gr. 1-22) and is miscible v-nth it in aU 

Properties of Formic ^cid.— Formic acid is considerably 

stronger than acetic acid. It resembles the latter acid except in two 

important particulars. , , 

In the first place, formio acid ia readUy decomposed by concen- 

trated sulphurio acid, forming carbon monoxide and water: 

CH,0, = C0 + Ha0. 

Secondly, the acid is readily oxidised to carbon dioxide and water 

and is in fact a strong reducing agent. Silver ea ts are reduced y i 

or by formates to metaUic silver; mercuric chloride is reduced to 
mercurous chloride and, if excess of formic ucic is prebcn , o 
mercury. Formic acid has this reducing power which the other fatty 
acids have not, because of the single hydrogen atom which gives it an 
aldchyde-like structure. Thus compare 

Fo^h^do 

I O 

80. Preparation of Higher Fatty Aci^.-l . ) Tho.o of.™ o^u„i„od 

from naturally occurring ostcra -y,^^.auatic^pota.sh dbwolved in 

fate. They can bo obtained by heating theae «ith cau:.tic poia. 


o 
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alcohol and decomposing the potassium salt so obtained with dilute hydro- 
chloric acid. The acid, being comparatively insoluble, rises to the surface as 
an oil or as a solid, and be separated, dried and distilled: 

C8H6(0 C0 C„H36), + 3KOH * C3H5(OH)8 4- SC^Haj CO-OK 
Glyceryl stearate. Glycerol + potassium stearate. 

(2) Oscidation of the appropriate alcohol or aldehyde yields the acid: 

CHs^ CH 3 N 

>CH— CHaOH -h Oj = >CH — COOH -j- HjO 

CH,/ CHa/ 

•soButyl alcohol. isoButyric acid. 

(3) Hydrolysis of an alkyl cyanide (§ 144) yields the ammoniiun salt of a 
fatty acid: 

(CHala : CH CHaCN + 2 H 2 O = (CHals ? CH CH2 CO ONH4 
woButyl cyanide. Ammonium valerate. 

Other reactions giving the fatty acids are mentioned in Chapter XVUI. 
Acetoacetic ester, malonlo ester and the Grignard reagent are particularly 
valuable reagents for the 8>'Tithesi8 of fatty acids (§§ 258, 250). 

Propionic acid, C 2 H 6 CO-OH, is made by oxidation of n-propyl alcohol. It 
much resembles acetic acid. 

Ti-Butyric acid is made by fermentation of sugars by the butyric ferment 
[Bacillus butylicus). Glucose may be fermented by the addition of decaying 
cheese, zinc carbonate or calcium carbonate being added to neutralise the acid 
as HOOD as it is formed. 

It is a liquid of rancid odour. 

Valeric and caproic (hexoic) acids are liquids of unpleasant odour obtainable 
from naturally occurring products or by the oxidation of the appropriate 
alcohol. 

The salts of the fatty acids of high molecular weight are the 
soapa and their glyceryl esters are the fata. These are discussed 
in Chapter XIV tinder glycerol. The most important of these 
higher acids are palmitic acid, CnH,j*CO OH, and stearic acid, 
C^HjjCOOn. 

81. The Acetates. — Acetic acid forms stable salts with most 
metals. The acetates of the tervalent metals, ferric iron, aluminium, 
etc., are mtich hydrolysed and only exist in solution. 


Sortnnl at * (nh v. 

j Formula. 

1 

1 

Appenrance. 

Solubility^ 
g. /lOO g. 
wat^r. 

A?nmoiiium acetate 
Soilium acetate 
’1 ii.‘^siuin acetate 
(Vil<num acetate 
^ ‘opper acecttte 

T.cail ncotato 

1 

; NnCVlijOa-aHaO 
, KC.ilaO^ 

, Ca(<.’..H30.,)„-H«0 

1 eu(CnH30o)2H20 
: Ph(CoTl302)2-3H20 

1 

White crystals 
Wliito crystals 
Wliite crystals 
WTiite crystals 
Blue crystals 
White crystals 

80-9/0" C. 
20/6"C. 
188 /6"C. 
43-6 /0"C. 
7-2 

46/16" C. 

liaftic acetatt^. 

1 




1 

finsic lead acetato . | 
copper acetuto : 

phorb{C2n30..)«-2ii«o 

CuO^CulCaUjOg^a 

White crystals 
Green powder 

V. soluble 
' Insoluble 
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The acetates are all decomposed by concentrated sulphuric acid, 
giving acetic acid and a sulphate. They are recognised by beating 
with sulphuric acid and alcohol. Ethyl acetate (§ 98) is formed and is 
recognised by its fruity odour. 

When heated they behave in varjdng mnnmis. Ammonium 
acetate gives acetamide (§ 115). 

CH8-COONH4 = CHa-CONHa + HaO, 

while calcium acetate and the acetates of the more electro-positive 

metals give acetone (§ 109): 

^O CO CH, 

Ca/ = CaCOj + CHs-COCHg 

^OCOCHs 

The acetates of metals of which the oxides are easily ir<l.u-.-.l. r r/.. 
copper and lead, give a complex mixture of products, mainly tho 

metal, acetic acid and carbon dioxide. ... 

Some of the acetates are of other than scientific 

CaUium aceiaU is used in the manufacture of acetone ^ 09b 

Baatccoj)pcraC€to/eoftheapproximateformula.CuO;2Cii{C2H3U2), 

is made by the action of air on copper plates kept m contaU wit i 
cloths moitened with some form of dilute acetic acid. It is known 

as Verdigris and is a fine green pigment. • i 

Lead ^Le, Pb(C,H,0,)„ is made by the action of acetic acid on 

lead oxide. It is used in dyeing in the manufacture of 
compounds and in medicine as an astringent lotion for the triatim 

Basic Uad accUUcs are obtained by boiling lead acetate « ith 

oxide and are employed as lotions in medicine. ^rv-itnUi'^od 

82 The Formates The formates are in general well- > • 

8alt!;s!fub^Twate'r. When heated, they give hydrogen and carbon 

monoxide: 

O CO- H 

= CaCOj + CO + Hj. 

When heated wHh^acetates or the salts of higher fatty acids they 
yield aldehydes: 

O CO- H 


CHgCO O 


Ca<^ 


+ 


O- COH CHgCOO 

83. Substituted Acetic Acids. 

Monochloroacetic acid . 
Dichloroacetic acid 
Trichloroacetic acid 


^ 2C1I3-CHO 1- ^CaCOa- 


(MKCICO-OII 

CH('l..-COOH 

CCla-CO-OIl 
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can be made by the action of chlorine on acetic acid. Corresponding 
bromoacetic acids can be made by the action of bromine on the acid. 
They are further discussed in Chapter XVI. 

84 . Acetyl Compoonds. — Just as we regard ethyl alcohol 
C2H5OH, as the hydroxide of a hypothetical radical ethyl, C2H5 — , 
so acetic acid may be regarded as the hydroxide of a hypothetical 
radical acetyl, CHa-CO — . This and similar radicals are known as 
acyl radicals. Thus we have H-CO — , formyl, CHg-CHj'CHs'CO — , 
butjnrjd, etc. 

Acetyl does not form the same variety of compounds as ethyl or 
methyl, but the chloride, oxide and amide are important. The 
formulffi of the chief acetyl compounds are: — 


Acetyl hydroxide. Acetic acid . 
Acetyl chloride 

Acetyl oxide, Acetic anhydride 
Acetyl amide, Acetamide 


CH3COOH 

CHg-coa 

(CHa-CO)aO 

CHg-CO-NHg 


Acetyl cyanide and nitrate are known but acetyl compounds of most 
oxyacids, e.g., acetyl sulphate or carbonate, are not formed. 

Acetyl derivatives of many hydroxy-compounds are known, e.g., 
accLylsalicylic acid, aspirin. 

HOCflH^-CO-OH CHa-COO-CflHaCOOH 

Salicylic acid. Acetylaalicylic acid. 

Acetyl compounds of man}’ amino-compounds are also known: 



^NH. 

('0 

CO 


^NHCOCH 


Irra. Acetylurea. 


^CYL HALIDES AND ANHYDRIDES 

85. Acetyl Chloride, CH^(’OCI, is made by the action of phos- 
,>huruH trichloride or pontachlorido on acetic acid, or by the action of 
pho.sphoriis oxychloride on anhydrous sodium acetate. The former 
is ordinarily employed; the latter gives a purer product but a less 
good }'ield: 

rcig d- scii^-co-OH = P(0H)3 + acHg-co-ci 
pcigd- ciiaco on = poagd- cHgCoci-f Ha. 

Many acid chloride» are now prepared by the action of thionyl 
chloride, SOI Ij. on acids. The only products besides the acid 
chloride are readily volatile or gaseous, which is a considerable 
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DERIVATIVES OF ACETIC ACID 


Wood 



H— C-C=0 


H-C-C=0 
I I 
H OH 

Moiiotliloro- 

-acetic 

Acid 


Acetaldehyde 


HjO 

& CatalvM 


H-C-C=0 
t t 
H OH 

ACETIC. \cin^ 

H O.NH 4 

% Aiiitnuniinn Acetate 

IHP \\ 




C-H 

Acetylene 


With 

rriAny orgaAic 
compounds 
comoMting 

•OH ofNHj 
groups 


H-C-C-O— ■^H-C-C = 0 


I I 
H Cl 


Sodium 

Acetate 


Acety l Chloride 


I I 
H NH: 
y\ceiamick 


tt 


Acetyl compounds 

H 

I 

H-C-C -O 

I I 
H X 


H O 6 H 
t II II I 
H-C-C C-C-H 
1 \ / 1 
H O H 

Acetic Anliydiide 



Dchydrotictn 

With 


H 

T 

1 

1 

C 

-C 

1 

III 

H 

N 


Metiul C:yanldc 
(Acetonitrile) 

^ , ^IcrttyPCdiilpound^ 

-V 




< / 




A 








) 
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convenience in purifying the product. Moreover, thionyl chloride 
is a good deal cheaper than phosphonis trichloride. 

R-CO-OH -h SOC3a = R CO-a + Ha SO,. 

Expt. 22. — Preparation of Acetyl Chloride. — ^The apparatus 
shown in Fig. 20 is employed. In the flask (250 c.o.) are placed 
30 g. of anhydrous acetic acid. The acetic acid should be from 
a newly opened bottle of the glacial acid, or should alternatively 
be purlfled by freezing. 

In the tap-ftmnel are placed 24 g. of phosphorus trichloride. 
The latter is added cautiously and left to stand for a short time. 
The water-bath is heated gently and the acetyl chloride distilled 
over (b.p. 65“ C.). 

Physical Properties.— Acetyl chloride is a colourless volatile 
liquid which fumes copiously in moist air, giving off clouds of 
hydrochloric and acetic acids. It has a most irritating odour. 
Acetyl chloride boils at 55® C- It is heavier than water (sp. gr. 1*13), 
in which it rapidly dissolves with decomposition (see below). 

Chemical Properties. — Acetyl chloride reacts with most hydroxyl 
compounds, forming an acetyl compound and hydrogen chloride. 
Thus with water it forms acetic acid: 

CHg CO Cl -f H OH = CHfCOOH + Ha. 

With alcohols it forms an alkyl acetate (known as an ester, §§ 89, 90): 

CH3COCI + H-OCgHs = CH,COOC,Hb + Ha. 

With ammonia it forms acetamide (§ 116): 

CH3 co a -I- NH, = CHa-CO-NH, + Ha. 

With amino-compounds it also reacts in much the same way. 
Ihus with aniline (uminobenzene): 

CH3-CO CI -I- HjNC.Hs = CHj CO-HN-CeHs + Ha. 

Acetanilide 

(acetamidobenzene). 

\\ hen acetyl chloride reacts with sodium acetate, acetic anhydride is 
formed: 

CHa CO- Cl 4- Na O-CO CH, -= CHs CO-O-CO CH, + Noa. 

ICrpt. 2;i.— A'r/ic/ionj of Acetyl Chloride.— {\) Mix 1 o.c. acotyl chloride 
with 1 r.c. wat4>r. IICI fumes evolved and acetic acid formed. 

(L> Mix 1 c.c. or.-tyi chloride with 2 c.c. ethyl alcohol. BoU: dUuto. 
c>mcil of ethyl acetate. 

(3) lo 1 fir<ip aniline add 3 drops acetyl chloride. Heat, cool and boil 
with oxress of water. Solid acetanilide separates on cooling. 

86. Acetic anhydride, acetyl oxide, (CH, C0),0, is prepared by 
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diatUUng acetyl chloride with anhydrous sodium acetate. The 
equation is given above. 

A second method, often used, is the action of phosphorus oxy- 
chloride on an excess of sodium acetate. Acetyl chloride is first 
formed, which then reacts with more sodium acetate, forming acetic 

anhydride: 

2CHa-COONa + POag = NaPOg + NaCl + 2CH3COa, 
CHgCOa + NaOCOCHg = CHaCOOOCCHg + NaCl. 

Exvt 24 —Preparation of Acetic Anhydride.— The apparatus 
used is that shoxvu in Fig. 20, an oU-bath being substituted for 
the water-bath shoii-n. The absorption tower may also be 
omitted. In the Cask are placed 21 e,-*' 

sodium acetate (for preparation, see Itxpt. 1). 38 G. ot phos 
phonia oxychloride are slowly added from 

flask is now heated until the acetic anhydride (b.p. 13/ t.) has 
distilled over. 

Proverties of Acetic Anhydride.— Acotie anhydride is a colourless 
Uquid^with a sharp penetrating smeU. It boils at 137 C. and las a 

TterSl^laXsoufte those of acetyl chloride. With water 
it forms acetic acid: 

(CH,-CO)gO + H,0 - 2CH, CO OH. 

and with alcohols, esters are produced. 


CHa-CO 


\ 


O + 


HOCaHg 


CH 3 CO OH 

+ CHa-CO OC 2 II 5 . 
ICthyl ucotuto. 


CH.CO 

Acetic anhydride. 

With ammonia, acetamide is produced, together with /u, urn. mum 

acetate. 

CHa-CONH, 


-h CHgCO ONHj. 


CH 3 CO, 

\o+ 2NH3 = 

CHa-CO^ 

/ Auhwlrifle . — Perforin reaction.-i (1), (2). 

evolution of HCI: reactions a 

iL X -ji r-u rn.NH Lfl made by the action of heat on 
ammo;^r“te®!“, or .^'ammonia upon acetyl chloride (§ 85) 

ora^tioauhy^ide(§86h discussed in Chapter X, 

wul SX^th the“fmpTeruitrogeu derivatives of the para., ins. 
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88# Formyl Compounds* — Formyl chloride and formic anhydride do 
not exist. 

Formamide, H-CO-NHg. is made by heating pi^ dry ammonium formate 
in an atmosphere of ammonia. The product is fractionated at reduced 
pressure. 

It is an unstable liquid which boils with decomposition at about 200* C. 
In general, its cliemical properties resemble those of acetamide (§ 116). 
remarkable as being one of the few substances which, like water, liquid 
ammonia, and hj^drocyanic acid, are ionising solvents. 

The halides and anhydrides of the higher fatty acids much resemble those 
of acetic acid, but are less reactive and of higher boiling point and melting 
point. 


QUESTIONS 

(1) What likenesses and differences are to bo lound in the reactions of the 
hydroxyl group in ethyl alcohol and in acetic acid? 

(2) How is acetic acid prepared commercially, and how would you prepare 
a specimen of pure glacial acetic acid from vinegar? 

(3) How would you prepare a crystalline specimen of calcium acetate? 
W'hat organic compounds could be prepared from it? 

(4) How b fonnic acid prepared on the laboratory scale? Describe its 
properties, pointing out the manner in which it differs from acetic acid. 

( 6 ) How could you prepare acetic acid from (o) ethyl alcohol, ( 6 ) methyl 
uleohol, (c) acetyl chloride? 

(0) What is tiio acetyl group? How is acetyl chloride prepared, and how 
could it be converted into ethyl acetate, acetamide, acetic acid, and acetic 
anhy (Iriilo respectively ? 

(7) How many fatty acids of the fommla C 4 II 5 O 2 are known? Give their 
or mill a? and name them. 

( 8 ) A green pigment is to be oxaminod in order to find out whether it is 
Verdigris or some other green copper^containing pigment, e.j., verdUer, basic 
copper carbonate, etc. Describe how you would carry out the tost. 
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THE ESTERS 


89. Esters.— Esters are formed when the replaceable hydrogen 
of an acid is replaced by an alkyl radical. They are therefore analo- 
gous to salts, though they differ from them m that they are not 

ionised (§ 58): 

HNO 3 KNO3 c 

Nitric acuK Poto-ssium nitrato. 

ACID. SAl^T. 

Just as a dibasic acid gives acid salts and neutral salts, so it also 
gives acid esters and neutral esters. Thus sulphuric acid gives t»o 

esters: 

CJI 5 


2 H 5 NO 3 

KthvI nitratu. 

JiSTRK. 


H 


)>S0* 


C 3 H 3 


H 

Sulphuric acid. 


H 




so* 




so* 


AcUl othvl Hulpl.ato Normal otl.yl sulj.hate 

or Ethyl hydrogon .suJphato. or Uioihyl sulphate. 


90 Preparation ot the Esters.-l 1 ) J ust as salts may be made by 
the action of an acid on a basic liydroiddc so the I*® 

by the action of acids upon alkyl hydroiudcs ..e alcohols. 

The action is always reversible and usually slow. 

(a) design our method to get the maximum amount of tiaii.tor 

‘‘°^;t‘l“rnBrdrr'rhV:attf^‘tM ^ The cpiiitioi. for its 

formation is: . , 

C^H^ OH + HO CO-CII 3 - C\H, O CO CHa + H.,0. 

This equation represents two sinmltaneouH reactions: 

(1) C,H,OH+ HO CO Cll3--C,lI. O CO Cll3 + ^ 

(2) H,0 + C,H3 0.C0 CH3 — c^H^om- no co cH,. 

The first of these reactions is i„ the first 

while the second is delcU-riou^ still proceed unhindered, while 
reaction U removed , prevented and complete trans- 

the second reaction wall be f ,, „t must therefore he 

fonnatioi) will bo obtained. A deb^ fe 

employed to remove this water. „,,taivsed by the presence of 

Moreover, both the reactions are catal>s y i 
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strong acids and the reaction time may be shortened from months to 
hours by the addition of these. 

The function of catalyst and dehydrating agent is combined in 
concentrated sulphuric acid or gaseous hydrogen chloride. The 
former is more convenient but is rather too reactive for use with 
some acids and alcohols. 

The standard method for preparing an ester is, then, to miy the 
acid and alcohol and either add concentrated sulphuric acid or 
dissolve in it a small quantity of dry hj'drogen chloride gas. The 
mixture is usually boiled for two or three hours and the ester is then 
separated by distillation or by pouring the liquid into excess of water 
in which most esters are insoluble. 

Experiments which may serve as examples of the process are given 
under the headings of ethyl acetate, amyl acetate and amyl nitrite 
(u. Expts. 28, 29, 31). 

(2) Esters are made by the action of the silver salt of the acid 
upon an alkjd iodide (§ 58). Thus methyl fluoride may be made by 
the reaction of methyl iodide and silver fluoride: 

CH3I + AgF = Agl + CH3F. 

The method is applicable to a number of esters of very weak or 
unstable acids. 

(3) The action of an acid chloride on an alcohol jnelds the ester 
rapidly and easily: 

CaH^OU + CICOCH3 = CaHs-OCO-CHa + HCl. 

Expt. 20 . — To make Amyl Benzoate^ CsHn O CO-C^Hs. — 
o lO c.c. of amyl alcohol contained in a 250 o.c. flask are added 
13 c.c. oi benzoyl chloride. The mixture is heated on the water- 
bath for half an hour. The product is poured into a solution of 
sotUiiiii carbonate, transferred to a separating funnel and well 
shaken with successive quantities of sodium carbonate. The 
uj)pcr layer is tlien transferred to a small distUling flask, fitted 
with an air-condenser (Fig. 30) and thermometer reading up to 
300° C., and ilistilled, using the naked flame. Amyl benzoate 
distil.^ over at 200° C. as a pleasant smelling oil. 

Physical Properties of the Esters. — The esters are liquids or 
solids which, as a rule, have strong pleasantly fragrant or fruity 
odours. I'he CKlorous principles of many plants are esters, and their 
inanulacture i.s therefore of some consequence in perfumery and the 
preparation ot flavouring essences. 

Ihe estt^rs are for the most part lighter than water, and insoluble 
in it; though some of the esters of low molecular weight dissolve 
appreciably in, or are miscible uith water. 

Ihey are good solvents, and amyl acetate in particular has been 
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found to be a valuable solvent for celluloid and various cellulose 
products, e.g., collodion (§ 290). used in paints and lacquers. 

92. Chemical Properties ol the Esters. — The esters burn with a 

bright flame. . . 

When heated with water at suitable temperatures in presence oi a 

suitable catalyst they are hydrolysed, producing an acid and an 



alcohol. Thus methyl acetate and water give methyl alcohol and 

acetic + H ,0 ^ CH3 OH + CH3 CO OH. 

The reaction between a pure ester and water is usually very slow. 
The addition of any acid catalyses the reaction in proi)ortion to the 
concentration of hydrion present. At higher temperatures, too, the 
reaction U much more rapid, and esters are usuaUy readily docom- 
posed if heated to 150** C. with water under pressure. 
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Alkalis readily decompose esters, forming an alcohol and a salt of 
an acid: 

KOH + C2H5NOS = CjHgOH + KNO,. 

If the ester is insoluble in water, alcoholic potash is more effective 
than an aqueous solution. 

Expt. 27 . — To Isolate the Acid and Alcohol from Ethyl Acelaie. 
— Arrange a flask and reflux condenser as in Fig. 26. In the 
flask place 20 c.c. of ethyl acetate and add 26 g. of caustic 
potash previously dissolved in 40 c.c. of water. Heat on the 
water-bath until the upper layer of ethyl acetate has dis- 
appeared. Allow the liquid to cool somewhat, transfer to a 
distillation apparatus and distil off 20 c.c. of liquid. 

The ethyl alcohol is contained in this and may be detected by 
the iodoform test (Expt. 4). Alternatively the alcohol may be 
separated by treatment with potassium carbonate as in Expt. 3. 

The residue after distillation contains potassium acetate and 
free caustic potash. It is carefully neutralised with dilute 
sulphuric acid (1:2) and evaporated to dryness. The dry salt 
when distilled with concentrated sulphuric acid yields acetic 
acid. 

W'licn t reated with ammonia, esters form amides: 

CH3COOC2H6 + NH3 = CHs-CONH, + C.H5OH. 

The method is of value for the preparation of oxamidc (§ 210). 

Phosphorus pentacliloride decomposes the esters, forming an 
allcyl chloride and an acyl chloride: 

CH3-CO CH3COCI 

)0 + PCI3 = -}- + POCI,. 

C3H3/ CjHfcCl 

Tlie esters are otherwise fairl}' unreactive substances. 

The action of sodiiim on ethyl acetate to form the sodium deriva- 
tive of acetoacotic e.stor is of importance and is discussed in Chapter 
Will. 


ESTERS OF INORGANIC ACIDS 

93. The Alkyl Sulphates . — Alethyl hydrogen sulphate is formed 
by the action of concentrated sulphuric acid on the alcohol. The 
product is treatetl with barium carbonate. The methyl hydrogen 
sulphate forms a soluble salt, barium methyl sulphate, while the 
excess of sulphmic acid is precipitated as insoluble barium sulphate. 
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The liquid is filtered and the solution of barium methyl sulphate is 
mixed with the correct quantity of sulphuric acid to precipitate the 
barium. The barium sulphate is filtered off and 

CH3OH + H^SO* = CH3HSO, + HaO, 

2CH3HSO4 + BaCOs = Ba(CH 3 S 04)2 + HaO + CO„ 
BaCCH3-SO*)a + HaSO. = BaSO, + 2CH3USO4. 

the solution so obtained is evaporated in the cold and in vacuo over 
sulphuric acid, as the ester is hydrolysed by hot water. Ethyl 
hydrogen sulphate is made by a similar method. 

Methyl and ethyl hydrogen sulphates are oily liquids soluble in 

water with decomposition. j- u 1 

When distilled, they decompose giving dimethyl or diethyl sul- 
phate and sulphuric acid. 

Water hydrolyses them to alcohol and sulphuric acid: 

CjHjHSO* + HjO = CjHs-OH + H2SO,. 

Since they contain a replaceable hydrogen atom they behave as 
acids and are sometimes known as methylsulphuric acid and ethyl- 

sulphuric acid re.spectively. . r * 1 1 

They form salts when treated with the carbonates of metals and 

these salts are stable and readUy crystallised. An example of these is 

afforded by barium methyl sulphate, mentioned above. 

Dimethyl sulphate (CHal^SO^, is of commercial importance as a 

methylating agent for amines and is also ot great utility in the 

investigation of the sugars by “mcthylation” (§ 2/2). 

It is usually made by the action of chlorosulphomc acid on methyl 

alcohol: ^ 

HCISO3 -h 2CH3OII = (CHaljSO. + HaO 4 - HO. 

It is a Uquid with a vapour which is very poisonous on account of its 

liberation of sulphuric acid in the lungs. . , ^ r 

94 . Ethyl nitrate. C3H3NO3. can bo obtained by the action of 
nitric acid on alcohol, provi-led the abs.mce of nitrous acid and lower 
oxides of nitrogen is a.ssured. Ordinary concentrated mtnc acid 
reacts with alcohol with explo.dve violence, but nitric acid which 
has been heated ^vith a little urea and has been thereby freed from 
nitrous acid (§ 312 ) reacts quietly ^vith a mixture of alcohol and urea 

nitrate. Ethyl nitrate may be distilled off. , ^ t* 

Ethyl nitrate is a liquid with a pleasant odour and taste. It 

95 . Ethyl nitrite. C2H5NO2, is prepared by the action of acids 
on a wcll-cooled mixture of potassium mtnto and alcohol. 

The ‘sweet spirits of nitre,’ used in medicine as a stimulant and 
os a diuretic and diaphoretic, contains ethyl nitrite and alcohol and 
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is made by the action of a mixture of sulphuric acid and nitric acid 
with an excess of alcohol on metallic copper. The liquid is then 
distilled and the distillate mixed with more alcohol. 

96. Amyl Nitrite, * NO^, is a valuable vasodilator and 

is used in medicine for treatment of angina pectoris. It is pre- 
pared by methods similar to those employed for ethyl nitrite, 
and also by the action of a mixture of amyl alcohol and sulphuric 
acid upon a nitrite. 

Expi. 28 . — Preparation of Amyl Nitrite . — Dissolve 13 g. of 
potassium nitrite in 7-5 c.c. of water and in a separate vessel 
mix 16 g. (18 c.c.) of amyl alcohol with 30 g. of concentrated 
sulphuric acid. Cool the latter solution and add it slowly to the 
solution of the nitrite, stirring well. Perform thiA in a fume- 
cupboard or in a good draught. Transfer the liquid to a dis- 
tilling flask and collect the liquid which comes over between 
95“ C. and 99“ C. 


CjHii-OH -f HNOa = CeHu NO, + HaO. 


The alkyl nitrites are isomeric with the nitro-compounds but differ 
entirely from them. The isomerism is further discussed in § 130. 
Briefly, there exist two compounds of the formula R*NOj where R 
is an alk^'l group. The alkyl nitrite is generally supposed to have 
the formula R — O — N=0 and the nitro-paraffin the formula 


.0 


R— 

^'0 (§ 19). 


The alkyl nitrites, besides their medicinal value, find a use in the 
j)reparation of diazo-compounds (Expt. 91). 


Other Inorganic Esters. — Xlio alkyl halid&s are, strictly speaking, 
ostoid, but ari- usually coosidered as a separate class and are treated in 
Chapter IV. Tl.'- alkyl oxides are the ethers (Chapter VllI); the alkyl sulphides 
uro known as tho iiiorcaptaDs and aro considered in Chapter XII; the alkyl 
cyanides, tliiocyonates, etc., are discussed in Chapter XI. 


ESTERS OF ORGANIC ACIDS 

These greatly outnumber the inorganic esters and only a few of 
the most important can be studied here. 

98. Ethyl Acetate, CjHg O CO CH 3 . — Ethyl acetate can be 
made by any of the methods described in § 90. It is most con- 
veniently prepared by the action of sulphuric acid on a mixture of 
alcohol and acetic acid. 

Expt. 29 . — Preparation of Ethyl Acetate . — A 600 c.c. distilling 
flask is fitted with a tap-funnel and a thermometer dipping into 
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the liquid. It is connected to a condenser and receiver. In it 
is placed a mixture of 50 c.c. of alcohol and 50 c.c. of concen- 
trated sulphuric acid. In the tap-funnel is placed a mixture of 
equal volumes of alcohol and acetic acid. The flask is heated 
on a sand-bath until the temperatiu-e of the liquid reaches 
140® C. and the mixture is added from the tap-funnel at the 

same rate as the distillate comes over. 

The product contains, besides ethjd acetate, some water, 
alcohol, sulphur dioxide, etc. It is placed in a separating 
funnel and shaken with strong sodium carbonate solution, care 
being taken to allow for the resulting effervescence. The lower 
layer is run off and the upper layer of ethyl acetate well shaken 
with a solution containing equal weights of calcium chlonde 
and water. It is left to stand for a day over a few pieces of 
calcium chloride and then redistilled. The liciuid boihng between 

74® C. and 79® C. is collected. . r n 

Ethyl acetate is a colourless liquid with a ]>lea.sant fruity smell. 
It boiU at 77-5® C. and has a specific gravity of 0-91. It is so uhle 
in about eight times its volume of water, but is less soluble in 

solutions of salts. n'l *1 

Ethyl acetate has the usual reactions of esters (>, 9-). Thus vith 

water, acetic acid and alcohol are slowly formetl. 1 *1 1 1 1 ,.,1 

With potassium hydroxide, potassium acetate and ethyl alcohol 

result. 

in the minimum amount of water (about 

salt. Ethyl acetate an j,„tash. Fruity 

(2) Warm J c.c. “ funnntion of i)i)tuj»-'‘ium ucetato and 

odour Boon dif^appeanj, owing to formation oi i-* la 

ethyl alcohol. Acotato with r. c.r. diluto (5 por cant.) 

ca<iL'"so"a “i.t'i,':'’ c.-ap.„.a„ a,ai o<i„ur 

vanishes, owing to hydrolysis of esu-r. 

99 . iaoAmyl Acetate, CaH„ 0 CO CHa.-Among the more 
important esters may be mentioned amyl acetate, winch is now of 

‘Tmarbe^elTwarming a mixture of amy. a.eohol, acetic 
acid and^^u,phurm^cid^^^^_,^^ n/ Arp,J deemt.-In a flash piace 

25 c.c of amyl aleol.ol, 2.5 c.c. of glac.al ncet.o ae.d and h c.c. of 
concentrated sulphviric acid. Heat on a water-bath for an hour 
and pour into 2.50 c.c. of cold water. Separate the upper 
layer of amyl acetate and purify .t as for ctliyl acetate 
(Expt. 29), the shaking with calcium chlonde solution being 

omitted. 
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woAmyl acetate is a colourless liquid with a powerful odour of 
pears. It boils at 139® C. It is insoluble in water. 

It is an excellent solvent for many organic substances and is 
largely used as a solvent for celluloid and nitrocellulose. 

Its chemical properties are those typical of an ester. 


100. Other Esters. — Numerous eaters are employed as solvents, flavours 
or perfumes. The table given below indicates the nature and use of some of 
these* 

Ester. Uses. 

Methyl salicylate 460) • . Medical 


Ethyl formate 
Ethyl acetate 
Ethyl butyrate 
Amyl salicylate 
ttfoAinyl acetate 
f 50 Amyl <50 valerate 
Gcranyl acetate (§ 610) 

Benzyl acetate {§ 440) . 

Some of the higher estorsi e.g 
tained in waxed. 


eery 


. Flavouring rum. 

. Modical. 

. Pineapple flavour. 

. Artiiicia] orange-blossom scent. 

. Solvent; pear flavour. 

. Apple flavour. 

. Rose scent. 

. Jasmin scent. 

1 cerotate, C 25 H 5 i-C 0 * 0 -C 2 flH 53 » are con 


QUESTIONS 

( 1 ) What is meant by an ester? Write the formulas of ethyl formate^ methyl 
acetate, ethyl hydrogen sulphate, amyl nitrite. 

(2) In what respect do esters resemble and diflbr from salts? 

(3) How would you try to preporo ethyl valerate? Valeric acid has the 
formula CIl 3 ‘(CH 2 ) 3 *UO*OII, nml is a liquid which boils et 185® C.» and U 
spnrifj^xly soluble in woter. 

(4) How would you rocognise a given li<|uid as being an eater, end how 
would you attempt t-o prepare an alcohol and an acid from it? 

(5) How is amyl nitrite made? What is its chief use? 

{6} How IE) ethy l hydrogen sulphate made? What is produced when it is 
(a) heated with water, (6) heato<l with ethjd alcohol, (c) heated with caustic 
putnsliT 

(7) Hoscribo tlie preparation of ethyl acetate? \\liat steps would you take 
t<» 4>htaiM the muxinmm yield of ethyl acetate from a limitod quantity of ethyl 
HlcohoU 
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101. Structure oS Ethers.— The structure of the ethers is clearly 
demonstrated by their formation from sodi\ini alkoxides and alkyl 
iodides, and by the reactions further discussed in § 102 . 

When sodium ethoxido, C.H.ONa, is heated with ethyl iodide. 
C 2 H 5 I, sodium iodide separates and diethyl ether is formed. The 

reaction is clearly 


CjHtONa 

+ 

C^H,! 


CoH 




O + Nal. 


C«H 


2 *^ ■*•6 


This is confirmed by the fact that the ethers do not give hydrogen 
chloride when treated with phosphorus pentachlonde and therefore 

do not contain a hydroxyl group. 

Ethers are accordingly regarded as the oxides of the alkyl radicals. 

They differ in nearly all respects, however, from .noignnie oxides^ 
If. in the above reaction, niati-rials containing different alk.v I 
groups are employed mixed ethers arc obtained, lliiis sodium 

ethoxide and butyl iodide give ethyl butyl ether, CoU^ O C 4 H,. 
The ethers are named from the alkyl groups containeil in them. 

Thus we have 


CH 


Dimethyl ether, methyl ether. 


CH,/ 

““Xo 

C,H, 


o Diethyl ether, ethyl ether. 


Methyl ethyl other. 


Isomerism and .Wetomerism.-Tlie ethers afford an opportunity of 
illustrating the distinction sometimes made between rsomcric and 
metameric compounds. All compounds having the same molecular 
formula, but a different structural formula, .are said to be isomsric 
compounds which are isomeric, but which differ only in their alkyl 

12G 



126 


THE ETHERS 


CH,. 

groups, are said to be metameric. Thus methyl propyl ether >0 


CoH 


C3H7 




and diethyl ether are said to be metameric, while these 


C.H 


and n-butyl alcohol CHa-CHj CHa'CHaOH are isomeric. 

102. Preparation of the Ethers. — (1) Ethers may be synthesised 
by Williamson’s reaction, described in § 101 above. The sodium 
alkoxide is formed by dissolving sodium in an excess of the alcohol. 


The alkyl halide is added, and the mixture heated under a reflux 
condenser. The practical details are given in Expt. 34. 

(2) Ethers are ordinarily made by the continuous etheriiication 
process. The alcohol is mixed with sulphuric acid and heated, an 
alkyl hydrogen sulphate being formed: 


ROH + HaS04 = RHSO* + H,0. 

On a<l(lition of more alcohol, the latter is decomposed, forming the 
ether aiui regenernting sulphuric acid: 


R- HSO 4 R. 

H- = ^ + HaS 04 . 

R O H R/ 


The sulphuric add then forms more of the alkyl hydrogen sul- 
phate, which with more alcohol again forms ether, and were it not 
lor the clestruction and dilution of the acid* by the products of 
side reactions, a given quantity of sulphuric acid could transform an 
unlimited quantity of alcohol into ether. Practical details of the 
method are given in Expt. 32. 

103. Physical Properties of the Ethers. — The ethers are gases or 
liqui<ls, much more volatile than tlie corresponding alcohols. They 
are nearly insoluble in water. I'licy are excellent solvents for most 
organic substaiu'es, and their unreactivo character makes them very 
suitable lor dissolving substances which are to be treated with 
powerful reagents .sucli as sodium. 

104. Chemical Properties of the Ethers. — The ethers are remark- 
ably unreactive. Ihey b\irn readily to carbon dioxide and water 
but are unafTeeted by most reagents. Acids and alkalis have no 
effect upon them, nor does sodium or j>hosphoru 8 pentachloride (in 
the cold) affect them. 

They are decomposed by concentrated sulphuric acid, giving alkyl 

1 Bnnzrnpsulpl.onic acul (Cnllfi SOall. §351) may be used instead of sub 
plmric aci(b no formation of by-products tlien occurs and tlio process U really 
c*(*nt iniu»us^ apart from tlio effect of dilutioa. 
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hydrogen sulphates. When saturated mth gaseous hydrogen iodide 
at 0° C., they give alkyl iodides: 

(C^HbIsO 4-2HI = 2C2HbI+ HoO. 

Heated phosphorus pentaehloride replaces their oxygen atom by 
chlorine: 

(CaHBlaO + PCU = 2 C„HbC1 + POCI 3 . 

The less powerful oxidising agents do not affect them but concen- 
trated nitric and chromic acids oxidise them to fatty acids, etc. 

INDIVIDUAL ETHERS 

Dimethyl ether and methyl ethyl ether are gases at the or^nury 
temperatirres and are not of practical importance. Diethyl ether 

by far the most important member “f _Fti,vl 

105. Ethyl Ether, Diethyl Ether, Ethyl Oxide, (CiHBljO. > 

ether can be synthesised from ethyl iodide and .sodium et lo.vide by 

Williamson-s Method, but in practice it i.s ‘ 

continuous etherification proces.s, the principle ol «hich is described 

^ Z 2 .-Prep,. ration oj Eth,jl Ell, er. Sot up the apparatus 

n 07 using a 500 c.c. distilling Hash and a thermo, 
meter reading to' 200« C. The receiver is closed by a cotton- 

wool plug. 



In the flask place 100 c.c. of alcohol and add 70 c.c. of con- 
B.ilnhuiic acid a little at a time, shaking weU. hUl 

E.l'i'xL -it ■" 
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sulphurous acid, collects in the receiver, which is cooled through- 
out the experiment with water or ice. The distillate is trans- 
ferred to a separating funnel and shaken, first with dilute 
sodium hydroxide solution to remove sulphur dioxide, and then 
with strong brine to dissolve out any alcohol. The ether is then 
left to stand over solid calcium chloride. It may finally be 
completely dehydrated by leaving it in contact with metallic 
sodium. 

Physical Properties of Ether . — Ethyl ether Is a colourless mobile 
liquid with a characteristic ‘ethereal’ odour and taste. When its 
vapour is inhaled it produces unconsciousness and it is therefore 
much used as an anaesthetic. It has the advantage over chloroform 
of having comparatively little effect on the heart, but is disadvan- 
tageous in that it induces anaesthesia rather slowly and is somewhat 
irritating to the lungs. The anaesthetic most commonly used is a 
mixture of alcohol, chloroform and ether. 

Ether is lighter than water (sp. gr. = 0-72). It is very volatile, 
its boiling point being 34-9'’ C. It therefore evaporates very readily 
and its evaporation is often used to induce cold. If a rapid current 
of air is blow-n or drawn through ether contained in a test-tube it 
soon becomes coated with frost. Since the vapour is very inflam- 
mable, much care must be taken not to handle it near a flame. ^Mien 
ether is being distilled it is best to extinguish all burners and to use 
a bath of water previously heated to 50® — 60® C. as the source of 
heat, 80 that any of the heavy vapour which escapes condensation 
shall have no chance of being ignited by a flame or by hot metal. 

Ether is an excellent solvent and is much used in organic chemistry 
owing to its inertne.ss and the ease with which it can be separated 
from thfc> dissolved substance by evaporation or distillation. Ether 
is slightly soluble in water (1 : 10) and it also dissolves a small 
proportion of water. It is therefore very necessary to dry it when 
it is to be used in work where water is deleterious (e.g., Expt. 45). 

Ether is very inert chemically. It burns with a bright flame. 
None of the ordinary chemical reagents attacks it, except chlorine, 
which forms various substitution compounds of the t 3 ’peC 4 Hio_„CI„ 0 . 
When saturated with gaseous hydrogen iodide at 0® C. ethyl iodide 
is slowly formed. When heated ^vith phosphorus pentachloride it 
gives ethyl chloride. 

l‘-xpl. oj Ether . — (I) Show that aaliydrotis athor 

(loc'd not react witli Xa or col<i PCI5. 

( 2 ) Warm a littlo ethor with 003: ethor slowly osidiaod. 

106. Higher Ethers. — These are of littlo importance. They 
resemble ethyl ether in their chemical inertness. 

They are most readilj' made by Williamson’s sjTQtheaiB. 
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Exnt 34 To Prepare Methyl isoArnyl Ether . — In a flask fitted with 

Sg ^:li^ o:rs:;: r s: 

They are, of course, lees volatile and less readily inflammable. 


questions 


(1) wiiat is an etherT Wnte - 

the compound C,H,.0. (At lea.,t “ vour coll.-Iosionsr 

formula for ether? On what «videnee do > ou - - impurities 


m 


(4) \Miat substances react vntli ciu>l eciit 


throw liglit on its structure? „r.,i.cl ether? If presented to you as an 

(6) How would you propuro ethyl Vf/ t’ 

unknown substance, how would j. ^ eertain substuiK O with ether, till 

(6) On shaking an j fi.ut it distributed itself between the 

equilibrium was obtained, it of the aqueous nu<l ethereal 

ether and the water eo that tho conceiitration.s oi v. , _ 

RolutioDd were a3 
100 c.c. of aqueous 
of ether (a) in one portion 

. Commercial a.nyl ulchel 

...or,. »a..n.crery ii 




available. 
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THE KETONES 

107. Ketones. — The keiones are compounds containing a 
carbonyl group =CO linked to two carbon atoms. The simplest 
ketone is, therefore, the compound 

CHg 

I 

C=0 

I 

CH3 

which is known as acetone. 

108. Evidence for the Structure of the Ketones. — The simplest 
ketone, acetone, has the formula CgHgO. The oxygon is not present 
as hyilrtixyl, for acetone does not give hydrogen chloride with 
pliosphorus pentachloride. When reduced it gives a secondary 
alcohol, isopropyl alcohol, CH 3 -CH(OH)-CH 3 , and the oxygen atom 
is therefore attached to the middle carbon atom of a chain of three. 
Bearing in mind that the oxygen is not present as h 3 'droxj’l, the 
structure must clearly be CHg 

I 

C=0 


CH,. 

The close resemblance of the ketones to the aldeh^’dcs, which also 
contain a =CO group, confirms this view. 

KeUitiJ'-s thurt coiiniMt of two alkyl radicals linked by a carbonyl ^oup. 
W linry radicals arc tlio »amo tho ketone is said to be simple, when they 

oro difforciit it is said to bo 7 i\ixed. Thus acetone, CH3 — CO — CH3, is a simple 
ketorif, uhiK* l ethyl ketone, CH3 — CO — CjH^, is a mixed kotono. 

The properties of the ketones in general are best illustrated by a 
study of the simplest and most important ketone — acetone. 

109. Acetone, CII 3 — CO — CH 3 . — Occurrence . — Acetone is nor- 
ninlly present in traces in the fiuids of the body, probably as a 
proiluct of the oxidation of fats. In some pathological conditions 
considerable quantities are found in the urine. It is contained in 
small quantity in the products of the distillation of wood (§§ 48, 70). 

Prejyaralion and Alanufaclure, — (1) Acetone is made, both on the 
commercial scale and in the laboratory', by' the action of heat on 
anhy drous calcium acetate. 
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^O-COCHa 

Ca/ =CaC03+ 1 

XO-CO-CHs CO— CH 3 . 

Expl. ^5.— Preparation of AcHonc.-CaXeinm (or better, 
barium) acetate is heated on an iron tray to drive off all n ater 
of crystallisation. The hydrated salt melts, boils vigorous y 
and solidifies to a mass of the anhydrous salt, iihich finaUy 
melts once more. The salt is allowed to cool and is Po^dcred^ 
It is then placed in a retort (Fig. 28) which is connected to a 



[c'' ' 1 ^ 

9 » 

* ' 



l ' ' ' 

9 * 

1 > 

4 


Fio, 2^. of Aet‘torH>. 

Liehig condenser and receiver. The -tort is heated with a 

^Thr:cerrm!;Te“;m 

solution (§1 calcium chloride solution. The 

acetone^eprals as an upper layer which is dried over calcium 

On^ra—H^^'-alo. acetone is made hy a suitable 

is‘ alf by the catalytic decom 

posffio“cetic aJ vapour when passed over heated alumina or 

tboria: „ ^ 

CHjCOOH + HOOCCH 3 = CH 3 COCHa + H 3 O + CO.. 

^ S©6 footnote* p- 136. 
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(3) Some acetone is present in crude wood spirit (§ 48) from which 
it is extracted commercially. 

(4) Acetone can be made by the oxidation of isopropyl alcohol: 

CHa CH, 

H— COH + O = C=0 + HjO. 

CH, CH, 

This is now an important industrial process, the isopropyl alcohol 
being obtained from propylene, a by-product of the cracking of 
petroleum. 

(5) Acetone is also made by the fermentation of starch (§ 50). 

(6) A recent process involves the passing of a mixture of acetylene 
and .steam over heated zinc oxide. 

I'iirification of Acetone . — Very pure acetone ia prepared from the com- 
inorcial protluct by ineana of its additive compound with sodium iodide. 
Sodium iudidu is dissolvcsd in the minimum weight of acotooe, and the solution 
is cooled in a freezing mixture to — 8 ” C. Crj'stals of the compovmd 
NnI-:iC3HoO separate. Tho.so are drained from the mother liquor, at once 
tmnsferrcii to n dry distilling flask, and heated. Ver3' pure acetone distils over. 

110. Physical Properties of Acetone. — Acetone is a colourless 
mobile liquid with a peculiar and not unpleasant peppermint-like 
odour. It boils at 57-6® C. and has sp. gr. of O-Sl/0® C. It is miscible 
with water but is readily salted out by means of calcium chloride> 
etc. Acetone is an excellent solvent, finding usea in the manufacture 
of cordite, celluloid, perfumes, etc. It is an excellent solvent for 
acetylene {q.v., § 184). 

111. Resemblance between Aldehydes and Ketones. — The proper- 
ties of the ketones are remarkably like those of the aldehydes in 
almost all respects except their reaction with oxidising agents. 
1 bus, both ketones and aldehydes form numerous addition products, 
are reduced to alcohols, and give a dichlorido with phosphorus 
pentachlorido. On the other hand, ketones are oxidised only with 
difficulty and do not readily pol 3 ’^meriso. The key to the difference 
liea in the presence of a single hydrogen atom in aldehj’dea. This is 
readily* oxidised to hydroxj l, and is readilj' shifted in the rearrange- 
ijictjts required i!i polymerisation. The ketones have in place of this 


CII3 

1 

CH, 

1 

II 

1 

c=o 

r 

H 

I 

CH, 

tal'iohyilo. 

Acetone. 


hydrogen atom the stable methj’l group. Thus aldehydes and 
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ketones are closely alike in the reactions which affect only the 
carbonyl group, but in other respects differ widely. 

112. Chemical Properties of Acetone. — Acetone burns with a 
pale flame. It is not easily oxidised, but powerful oxidising agents 
such as potassium dicbromate and sulphuric acid slowly convert it 

into acetic acid and carbon dioxide: 

CH, CH3 


CO + 40 


CO OH 


CH3 + CO2+H2O. 

Since it is only oxidised with difficulty, acetone does not act as a 

readily reduced by na.cent bydrogon to isopropyl 

alcohol: „„ 

CHj 


CO + 2H = 


HCOH 


CH CH 3 

This reaction should' bo compared with the reduction of aldehyde 

‘“pto^^htc^stnSlorido suhstituU. two chlorine atoms for the 
oxygen atom: 

CH, 


CO 4- PCU = Cl— C— Cl 4- FOCI, 


CH CH 3 

aucaus, loruuufe vi oWh.|,vth»< 701 in forming numerous 

The ketones resemble the aldchjucs ^3 lyj) fe 

■" f A,....,., 

but not aU the higher ketones, forms a compound watb this reagent. 

CH* ^“3 


(^O 4 - NaHSOa = HO — C — SOjNa 


CH* ^41 3 

The bisulphite compound is reconverted into acetone by distillation 
with sodium carbonate solution: 
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REACTIONS OF ACETONE 


H 

I 

H-C-H 

1 

o=c-o 

o*c-o 

I 

H-C-H 

I 

H 


Ca 


H 

I 

H-C-H 

I 

Cl-C-Cl 

[ 

H-C-H 
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OH 


CH 


*\CO + 2NaaSO 


3 


CH3, . 

2 + Na^COs = 2 

CH3/ \sO3Na CH^ ^ 

Expt. 36. To Prepare the Sodium Bisulphite Compound of 

^ce/oL.— Make a saturated solution of sodium bisulphite by 
shaking the salt for some time with cold water.* To this add a 
quarter of its volume of acetone and cool under the tep. Color- 
less crystals of the bisulphite compound are ^oduced. Drj 
these on blotting paper. Boil a portion ^vith 
solution. Acetone vapour is evolved and may be ignited at th 

mouth of tbo tost-tube. 

With hydrocyanic acid acetone gives a cyanohydrin 

OH 


CHj— CO— CHs + HCN = CH3— C— CHg. 

CN 

Acetone reacts with ammonia but no compomul corresponding to 

“tttones® uLTrhTa1dehyd^s?for.n o:cunes, phenylhydra.oaoa, 
and samicarbazones. The formation of the last co.npounds .s d.s- 
cussed under the heading of semicarbazido 313). 

Acetone and bydroxylaraine give acetoximo 

™”\cO + H3NOH = ^”’\c=N-OH + H3O. 

Acetone and phenylhydrazino give acetone phenylbydrazone: 

(CH3)3C0 + H^NNHC.H. = (CH 3 ) 3 C = N.NHC3H3 + H3O. 

au u f\n not form polymerides, readily produce 

The ketones, ‘^o^^oy do not fm ^p 

condensation produ^^fhu^^^ products) n.esitylene, trimethyl- 

tZ^j:ii JrlcUon is interesting - a 
compound from an aUphatic compound (§ 330). 

y. I u’htin storod. A suitable solution 

I Sodium oarbunato cry^tuU with water and saturating 



136 


THE KETONES 


CHa 

CHg 

> 

CO 

I 

C 

\ 

y\ 

CHg CHg 

CH CH 


CH«— CO CO— CH 


CH, 


CH,— 


+ SH-O, 


C C— CHj 

C 

H 


Kxpt. .~Heact{on3 oj Acetone. — (1) Show that acetone is not aflected 

by colli KMnOj solution, but is slowly oxiiJiso<l on boiling. 

(2) Show tlmt acotorio gives the iodoform reaction (Expt. 4). 

(3) I’o 1 c.c. acetone add 3 c.o. saturated sodium bisulphite solution. 
Shake tu»d cool. Crj'stals of bisulphite compound separate (Erpt. 36). 

(4) Dissolve some sodium nitroprusside in water to form a strong 
solution. Add a drop of acetone, then caustic soda drop by drop. A red 
coloration develops. The method is used for testing for acetone in urine. 


Us€.s . — Acetone is used as a solvent for nitrocellulose, celluloid, 
etc. It also finds a use as a substitute for the much more expensive 
alcohol used in perfumery. It is used also in the manufacture of 
fli.s.solved acetj^lene (§ 184) and in the manufacture of chloroform and 
iodoform (§§ 61, 63). 


Higher Ketones yonienclature. — The kotonos are commonly 

luiru- d frofi) th.> .ilkyl grotipt present and the word ketone. They oro also 
Jiamril frotii tlic h.\ -Jnx nrbon of the alkyl radical liaving tho same number of 
(-arbori atotiiH ns the k.-tonM and tho sullix — one. The position of the carbonyl 
group inni' utr^l by li niiiubor or (irook letter. 

'I luis u o .sp, ,.k ..ft},., cuiupuund CHt-CO CH.! a.Hncetono, dimethyl ketone or 
pi-jpanuii... ||„. voiupuiiinl CoHi-CDCall, would bo called ethyl propvl 

It. luimly in.<c.....ify to a list of tho hichor ketones a.s very few are of 
iinp..rt,ii,. V. I »,.-y II, ny V... pr, pared by tho i.eating of tho calcium salts of fatty 
a.i.is lo.n. tl,.- ..M.intioM ol secondary ah-oh.>ls (? 62 ). and the action of zinc 
uikU-s .ir ( .n^Mi.ird i •n.'.'i.ts on ncyl < iilori.lfis (§§ 161 , 103 ). 

J licir prop. rti. .. nr.- sjtnihir to tlioso of urotono. 


QUIOTIONS 

(1) What is a ketone? In u lmt ror-pccts do ke tones (a) resemble and (6) differ 
from nlilohyuorf? 

• jI l‘'-‘/-nnvericd into (i) an alcohol; (ii) a halido; (hi) an 

acnl? \\ nteoquationH for tlio c lian-ros in 

How can ocetorio ba nuulo in tin* laboratory? can very pure acetone 

Ih’ fumir from tJu* crude prodir t^ * 

(I) What addition productn arc forniiHl by kotonos? How far is their be- 
haviour in this respect sLniilar to that of al<li*hvdea? 
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^5) Tho formula of acetone U CgHsO. How would you establish its structuro 
and prove that its formula was not (a) CH 2 =“CH — CHoOH, or (6) CHa-CHj-CHO 

or{c)CH, < >0? 

(6) What is the effect of reduction and oxidation on acetone? How does it 
resemble and differ from aldehyde and alcohol in this respect? 
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AMIDES. AMINES AND NITRO .PARAFFINS 

114. Amides and Amines. — Both amides and amines are substi- 
tuted ammonias, that is to say, they may be regarded as ammonia, 
NHg, in which one or more hydrogen atoms are replaced by organic 
radicals. 

Amides are compounds in which the hydrogen of ammonia is 
partly replaced by an acyl group. Their general formula is therefore 
R— C—NHa. 


Amines ore compounds in which the hydrogen of annuonia is 
j>artly or wliolly replaced by hydrocarbon radicals, e.g., alkyl groups. 
Their general formula' arc: 

P — N 1 1 n (primary amine) 

K ^ 

'NH (secondary amine) 


Pv X 

K' 

\V ' 


(tertiary amine). 


The fornuihe of typical examples of amides and amines are shown 
below. 


H — (’— C— X- 


H O 

Acc'tamule. 



H 

H 


H 

1 

i 



H— C— 

-C— 

-N< 

H 

1 

H 

1 

H 

\h 


Kthylatnine« 


= c— 

OxHniitio* 


H— C— N— C— 11 

I I I 

H H H 

Dimotliylammo. 


13S 
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H 

Carbamido (urea). TruiietJiylamine. 

AMIDES. AMINES. 

Amides and amines are alike in being substituted ammomas, but the 
conjunction of the basic amino-group with the acidic carbonyl to 
form an amide, and with the alkyl groups to form an amine, pro- 
duces compounds differing in many of their properties. 


AMIDES 

As a typical amide wo may study acetamide, which is of im- 
portance^ the source of some of the simplest orgamc mtrogen 

Acetamide, CH 3 CO NH,.— Acetamide may be prepared by 
the action of ammonia on acetyl chlori.le or acetic anhydride 
(§§ 85. 86) but is ordinarily prepared by the decomposition of 
ammoAium acetate when heated. The reaction is reversible: 

CHa-CO O NH* ^ CHa-CO-NHa + H2O, 

and therefore proceeds to completion only if one 
reaction, in this case water, is removed as soon as 
of ordinary dehydrating agents is 

ammonium acetate, so the water is removed by "8 ^ 

A Bide reaction, which is troublesome, is the 
ammonium acetate to acetic acid and ammonia, which escapes on 

heating: 

CH. CO-O-NH* CH 3 CO OH + N1I». 

This decomposition is largely prevented by 

acid, thus reducing the eoncentrafon of ammon a to a mnumum. 
The method described in Expt. 38 gives good . 

“eetatealdO^g^of glacial acetic acid. The flask is then heated 



140 


AMIDES, AMINES AND NITRO-PARAEFINS 

poi-tion boiling between 213® C. and 230® C. being collected. 
The liquid solidifies to a mass of nearly pure acetamide. 

RBcrysUilli8citwn.—^}iQ acetamide may be purified by recrys- 
tallisation from alcohol. To the solid contained in a beaker is 
added about twice its weight of alcohol and the mixture heated 



T'lo. 20 . — l*r*‘paration of Acotamide. 


on the water-bath until the amide has dissolved. On cooling, 
colourless needles of acotamide separate. These may be sucked 

dry on the Jiuehner funnel and stored in a well-stoppered 
bottle. 

Physical Properties. Acetamide is a colourless solid 'with a strong 
odour of mice, probably duo to traces of impurity. It melts at 82® C. 
and boils at 223® C. It is very soluble in water, alcohol and ether. 
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Chemical Proper(i&s.— Acetamide and most other amides, unlike 
the other compounds containing the — NIdj group {e.g., amines, 
amino-acids, etc.), do not form stable salts with acids. 

When boiled with excess of water or dilute acids, acetamide is 
decomposed, giving ammonium acetate (which may be decomposed 
by any acid present): 

CHa-CO-NHs + H^O ^ CHa CO ONH^. 

With alkalis an acetate and ammonia result: 

CHa-CO-NHj + KOH = CH3COOK + NHj. 



Acetamide is not rea.Iily oxidise, 1. U can Ik- .vdu.;,-,l by nascent 
hydrogen (from sodium and amyl ulcoliol) to otlol.imuR. 

CHj-CO-NH, -( 4H = CII 3 CI1, NI1, f HP- 

The action of nitrous acid on compoumis 

group is usually to replace it by a hydroxyl group a, d hbc ate f.ee 
nitrogen.* It coverts acetamide in this way mto uect.c acul. 

(■H,-CO-NH, ^ 11 , 0 . 

Powerful dehydrating agents, such as plio.^phorus pcnto.xido, 
convert !t into mcthyfcyanido. a reaction of value m maUmg many 

cyanegencompm.ndMch^§U4,:^^^^_^^^^^ 1- H-.O. 

» Hilt see un«J<-*r aromutic ttiniiu-B (§§ ay.-i). 
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The action of bromine in presence of alkalis upon acetamide yields 
first AT-bromoacetamide, CHj-CO'NHBr, and then methylamine, 
and this important reaction is discussed under the heading of the 
latter substance (§ 120). 

Expt. 39 . — Rcactiorui of Acetamide. — (1) Hoat the solid with lime, and 
the solution with NaOH. Ammonia evolved in each case. 

(2) T.O a few crystals add 2 drops bromine and then an excess of caustic 
pottish solution. Warm. Methylamine is evolved, recognised by alkaline 
reaction and fishy oramoniacal smell. 

116* Other Ami des. — F ormamide is a liquid which is of interest 

os being, like water, an ionising solvent (v. p. 116). 

7'he higher amid&a much resemble acetamide in general properties, but are 
Jes-s soluble in water. 


THE AMINES 


117. Primary, Secondary and Tertiary Amines.— The amines 
may be regarded as ammonia, NH3, in which one or more hydrogen 
atoms are replaced by hydrocarbon radicals. It follows, then, that 
three different types of amine will exist, according as one, two or 
three hjdrogen atoms are replaced. These are called primary, 
secondary and tertiary amines. 

Primary amiTiea contain the group — NHj. Examples are: 

CH3NH5 CeHs-NH, 

.M.'tljylumino. Aniline. 

Scco7idanj ArniTies. — These contain the group =NH. Examples 
are: 

C.H. 

)Nn \nh 

<-■113/ CH,/ 

vl rii. Mothylaniline. 

Tertiary amines '. out' n the group ~ N. Examples are: 


C^H \n 

1 rinii'tliylnniuie. Methylothylaniline. 

Quaternary Alkyl-arnrnoiiiuni Compounds . — Nitrogen forms the 
apparently qiiinrpu valent ammonium salts, such as [NH4J+C1-. The 
hydrogen in the ,., may be eompletoly substituted by alkyl radicals, 
forming stable s.tlt.H and bases. As examples of these we may take 
tetraiiiethylarnrnoniiiiii hydroxide, 

[N(CH3)J0H, 

anrl tctrain(‘th \ luiTimonium chloride, 

[N(CH3)4]C1. 


CH3. 


C.H,/ 

Metlivlotlivlftniline. 
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Just aa no compound NHj can exist, so no alkyl compound NR^ 
is known; and as NH 4 -, ammonium, is not known in the free 
condition, so free substituted ammoniums of the type NR, do not 
normally exist. 

118. Nomenclature of Amines. — The amines are usually named 
from the radicals composing them and the word amine. They are 
also named from the prefix amino- and the name of the substance in 

which it is substituted for hydrogen. 

Thiis the compound C.H.-NH, is called hutylamine or more rarely 

amino-butane. ^ i. r 

119. The Primary Amines. — A few of the mo.st important of these 

are tabulated below. 


Name. 

Formula. 

State. 

1 n.r. 

Sohihility in water. 

Methylamine . 
Ethylamine 
n«Propylaroine . 
n-Butylamine 

CHa-NH, 

C2H3NH2 

(Inn 

Liquhl 

-♦r c. 
10-20'’ c. 
40' c. 

1 ir>o : I voi./ri o*" c 

Miscible 

Miscible 

Mijsciblo 

1 


The hrst memoers 01 i-ue •••• 

wiU be considered first as being tv,.ical of tbc group 

120 . Methylamine, Monomethylamme. Clb, Ml, frfTMradon. 
— ( 1 ) Monomethylamine is propar.-.l, together with the other 
methylamines, by the action of methyl .od.de on a concentrated 

““TbeZt^rtTon is the formation of methylamine hydrindide 

(methylammonium iodide): 

CHal + NH3 = [Clla NHall. 

The excess ammonia liberaU-s methylamine from this 

[CH3NH3II + Nil* = CIIs-NHa + NH J. 

This methylamine, by a similar reaction, may then form di.netl.yl- 

CH.l + CTls-Nll, = ({CHalaNHjlT, 

[(CHs),-NHi,lI + Nil. = (CHsl^NH + NHJ. 

By similar reactions trimethylamino NICH,), 
ammonium iodide N(CH,).I are produced. It is "f > 

simple to mcthoci depending on the .liHercnt 

Bol’u^iti*oTo™'the Ki’iIphonarnideM of the bases in alUah (^3.d) are 

“"rhrSLmnuium salt has been isolated it l.s heated 
with an alkaU and methylaromo js evolved. 

CH.NH.I + KOH = CII 3 NH, + H,0 + Kl 
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JTES AND NITRO-PARAJTINS 


The methylamine, which is a gas much resembling ammonia, is 
collected by absorbing it in water. 

(2) A very much better way of obtaining methylamine is by the 
action of bromine and caustic potash on acetamide. iV^-Bromo- 
acetamide is first formed: 


CHa-CO-NHs + Brg = CHgCO-NHBr + HBr, 

and is then decomposed by caustic potash, giving potassium car- 
bonate, potassium bromide and methylamine: 

CHa-CO-NHBr H- 3KOH = CHg-NHa + KjCOg + KBr + HjO 

The above is known as Hofmann’s reaction. 

(3) Methylamine is also obtained by the action of a solution of 
formaldehyde on ammonium chloride. Methylamine hydrochloride 
is produced which is then converted into methylamine. Some 
dimethylamine and trimethylamine hydrochloride are also produced 
and have to be removed by recrystallisation: 

NH*a + 2 CH 2 O = CHs-NHaQ -f CHaO,. 

^I'he action of caustic potash solution on methyl isocyanate 
(§ 149) yields methylamine: 

CH, -N = C = O 

= CHa-NH, -f- CO,. 

+ H,0 

Lxpt. 40 . — Preparation of Methylamine from Acetamide . — 

Set up the apparatus shown in Fig 31. In the flask, which is 

kept cool by immersion in water, place 12-5 g. of acetamide 

(previously well dried by rubbing between filter papers) and 

odd J I -5 c.c. of bromine and then dilute caustic potash (20 g. 

m 175 c.c. of water) a little at a time, shaking well, until the 

lupu.! IS of a goldeu-yellow colour. A strong warm solution of 

caiKstic potash (40 g. in 75 c.c. water) is now introduced through 

the tap.fnniiel and the liquid carefully heated to 70’’ C. and kept 

at that temperature, care being taken that the evolution of heat 

does not cause the temiierature to rise. After a quarter of an 

hour, the liquid is distilled and the gaseous methylamine is 

absorbed in dilute hydrochloric acid contained in some form of 

apparatus de.nigned to prevent liquid being sucked back into the 
reaction vessel. 

The acid Ls evaporated on the w'ater-bath and leaves a white 
residue containing nicthylamiuo hydrochloride and some 
ammonium chloride. Thi.s residue is extracted with 95 per cent 
alcohol and the solution obtained is evaporated on the water- 
bath, leaving methylamine hydrochloride. 
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Portions of the product may be (a) warmed with concentrated 
alkali, giving methj'lamine as a gas which is alkaline, smells of 
ammonia and bums with a yellow flume; ( 6 ) treated with nitrous 
acid, when nitrogen is evolved (§ 122 ). 

121 . Physical Properties of Methylamine.— ^lethylamine is a 
colourless gas with a powerful smell much resembling that of 
ammonia but distinguished from it by a certain fishiness. It is 
exceedingly soluble in water (1 c.c. of water dissolves 1,150 c.c. of the 
gas at 12 - 5 ° C.), and both it and the other alkylamines are usuaUy 
sold as a 33 per cent, aqueous solution. When strongly cooled it 
condenses to a colourless liquid boil- 
ing at — 6'5* C. 

122 . Chemical Properties of 
Methylamlne. — Mcthylamine burns 
in air with a yellow* flame, this 
property being the readiest way of 
distinguishing it from ammonia, 
which in all other respects it much 
resembles. Both the gas and its 
solution are alkaline to litmus. 

Methylamine acts as a base in a 
manner entirely analogous to the 
behaviour of ammonia. *lhus its 
solution in water conducts electricity, 
precipitates hydroxides from solu- 
tions of metallic salts and gives all 
the usual reactions of an alkali. It 
must therefore contain the hydroxyl 

ion. It is believed that methyl- i • » • • * 

amine and water give methylammonium hydroxide, which lomscs to 

the methylammonium ion and hydroxyl ion: 

CHa-NHa + HjO CXI 3 NII 3 OII ^ [CH 3 Nil 3 ]+ + Oil . 
With acids, methylammonium salts closely resembling the am- 
monium salts are formed. Thus w ith hydrochloric acid mcthylamine 
gives methylammonium chloride, more usually known as methyl- 

amine hydrochloride: 

CHs-NHaT- HCl = [CUaNHajCl. 

The formula is sometimes written as CHs NHa HCI, but there is 
no more justification for doing this than for writing the formula of 

ammonium chloride as NH3 HCI. ^ i_ 1 j 

The amines are not readily oxidi.sed and cannot be redu^d. 

The action of nitrous acid on primary amrnoe ylefas nitrogen and 

an alcohol: / ' 



Fio. 31. — rrt'puration of a 
Solution «>f Jlotijyluinino. 




I ^ ( 




\ 


171^1 


V 


V 
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CHa* N Ha 

= CH 3 OH 4- N, H- HaO. 

+ H0-N:0 

Secondary and tertiary amines (§§ 126, 127) behave differently. 

Primary amines when warmed with chloroform and alcoholic 
potash 5 T[eld an wocyanide. Thus methylamine warmed with these 
reagents gives methyl isocyanide, also known os methyl carbyl- 
amine: 


/H Ck /H 

CHa-N^ + >C<; 4- 3KOH = CHa-N^C 4- 3Ka 4- 3HaO. 

CK 


The isocyanides have a very unpleasant and powerful smell and 
their formation by the above reaction, therefore, forms an excellent 
means of recognising primary amines. 

Expt. 41 . — Reactions of Methylamine and its Salts. — (1) Heat solid 
methylnmino hydrochloride with excess of soda-lirae. Note alkaline 
reaction and fishy amnaoaiaoal odour of mothylamine evolved. Note that 
it is iiLflnmmable. 

(2) Add a solution of methylamine to a solution of an aluminium salt. 
The hyiiro.xido is precipitated, but dis.sulvos in excess. 

(3) To a solution of sodium nitrite in cold dilute hydrochloric acid, add 
nii'tliylairunc or n salt of it. Nitrogen is evolved. 

(4) Perform the iwocyunido reaction (Kxpt. 86) with methylamine (or 
it.H hydrochloride) i^^<teud of aniline. The odour perceived is that of 
riiothyl t-«ocy«uudo. 


123. Methylamine hydrochloride, CHa-NHgCl, may be taken as 
typical of the salts formed by these amines. It bears a strong 
rcat Tiiblanee to ammonium chloride, but, unlike it, is soluble in 
alcohol a'ul is hygroscopic. When heated with alkalis it yields 

4 


EtliylmUlDC pri.'pun*<i by rnodinention^* of metlioda (1)* (2) and (4) 
tur wk tbs ja; nine but racitiot be prepared bv iiietlu’d (3). Tbus it may be 

inudi^: 


0 ) 

( 2 ) 

(3) 

(4) 


Hy tlie of ethyl on ammonia (§ i>8). 

l^y tin* t j,,r\ of bi urinu* iumI ciiustio potash (§ 120) on pri>pionaxnide. 

, ti potash un t'thyl iMcyanAto (§ 149)* 

liitliylaiuin ' oU r ln» juiido by the reduction of methyl cyanide (§ 144): 


t N 4- .Hi = 

In itn properties it rl .*•#•!% iiiethvlainino. 

Higher primojy Ii niin es are made by motbods eimilar to the above. 
They are not of pniotiral wnporiuiu c. 
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SECONDARY AAIINES 

As typical of a secondary amine we may take dimetbylamino 

(CHglaNH. 

126. Dimethylamine, (CHalaNH. — PreparaUo7i.—T:hQ action of 

methyl iodide on ammonia forms mono-, di- and tri-methylaniine. 
These are difficult to separate. This can, however, be done by 

fractional crystallisation of the hydroehlori<les. 

Properties . — Dimethylamine resembles niethylamine in its basic 

properties — formation of a hydrochloride, etc. 

It differs from it in its reaction with nitrous acid, and in its faUure 
to form an tsocy'anide with chloroform and alcoholic potash. 

With nitrous acid it forms dimethyl-nitrosoainine, a yeUow oil, 

boiling at 148® C. 

(CHaljNH + NO-OH = (CIIgloN -N = 0 -h HjO 


TERTIARY AMINES 

Tertiary amines may bo regarded a.s aminoma in which all three 

hydrogen atoms are replaced by hyilrocai bou radical Examples of 

tertiary amines are NUCHala. tntncthylaiiime, and CaUs-NlCHa),, 

dimethylaniline. . , , • 

The first of these will be described as being a typical and important 

tertiary amino. ... 

127. Trimethylamine, (CH,)aN.— 'I'rin>otbylammo m a common 

product of tho decomposition of nitrogenous plant or anm.nl s.ib- 
stancea. Herring brine contains a notable proportion of it, ns also 
does the plant, Cheiwpodiuvi i nh-nrin, tho ••stinking goose-foot. 

Preparation —The action of methyl iodide on ammoma yicld.s 
trimethylamine together with the other two methylammes. 

3CH3I + iNli, = (<-'113)3^ + 3 NH.I. 

The separation of trimcthylami.m from tho other two mcthylan.ines 
presents some difiiculty and .l. p.mds on the fact that tnmethyl- 
amino docs not react with ctl.yl o.xalato while the other nmim s do -so. 

ProperlieJ! — Triniethl Inminc is a colourless gas wlm li condenses 
to a liquid boiling at 3-3° C. It has a most unpleasant smell, at once 
fishy and ammoniacal. Like the other amines it is extremely .soluble 

in water. 

Trimethylamino rcsernblcH mcthylamino in its ba.><ic prop.-rties. 
It reacts with nitrous acid in the same way as with any otl.cr acid, 
a salt being formed: thi.s property distinguishes it Iroiii mcthylamino 

and dimethylamine. .... i,. 

When trcaUMl with methyl iodide it forms a cr>>talline salt, 

tetramethylammoriium iodide, 

N(CH,), + CUgl = N(CH,) J. 
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QUATERNARY AMMONIUM COMPOUNDS, [NRJX. 

128. Tetramethylammoninm Compounds. — When trimethyl- 
amine is treated with methyl iodide or when ammonia is heated with 
an excess of method iodide, the salt tetramethylammonium iodide is 
formed: 

NH3 + 4CH3I = NiCHa) J SHI. 

REACTIONS OF THE AAIINES 



\ 




Dimethylamine 





Tetramethylammonium Iodide 


KOH 


[;CH3),N]0HAgy[(CK3),N]A 

Heal 

tarjJjN' + CHjOH 


When this salt is trentetl with alcoholic potash a stable tetramethyl- 
ammoniiim bydnixido X(CH 3 ) 40 H is formed. This is a remarkable 
substance rescmlilin^ the caustic alkalis, potassium and sodium 
hydroxide, in many ways. It is hygroscopic and forms a strongly 
alkaline solution, which absorbs carbon dioxide from the air. 
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The tetramethylammoniiun compounds decompose when heated, 
forming trimethylamine and a methyl compound: 

NiCHg) J = N(CH3)3 + CHal. 

Certain of the quaternary ammonium hydroxides are of physiological im- 

found in bile, many fimgi, and numerous animal tissues, is tnmethyl- 
/ 3 .hyciroxyethylammotiiiim hydroxide. 


CH2CH2OH 


CHa— 


L 

N — CHj 

CUa 


OH 


Muscarine, the poisonous principle of the toadstool .-Wancu* mmcuriu.. is 
obtained from choline by oxidation. Its formula is 

-t- 


011 - 



! + 


/OH 

CM, CH ; 

I OH 

CH 3 — N— CHg 

CII 3 

I 

OH- 

CM =(’11.2 

CH 3 — N— <^'113 

1 


OH 3 

MuKcarino. — 


Neiirino. 


Neurine frequently fouml in putrefying protein Bub.stanees is trimothyl- 

vinylaininoniuin hydroxide. resemhio totrumethylaininoniimi 

h/d^o’Jidri'n^ChirsUong a^Lus'r. ;rheing readily decomposed. 

129. Distinction between Primary. Secondary and Tertiw Amines. 
—The simplest method is treatment with nitrous acid. Primary 
amines evolve gaseous nitrogen and leave an alcohol. 

CHsNHa + HNOa = CH3OH + N3 + H3O. 

Secondary amines form a yellow oUy nitrosoamine, 

(CH3)2NH + HONO = (CH3)3N-N = 0 + H2O. 

Tertiary amines merely form a nitrite: 

(CH,)8N + KNO3 = [(CH 3 ) 3 NH]N 03 . 

Primary amines also give the t.ocyanide reaction with chloroform 
and alcoholic potash. 

42 —To dixtinnuixh a FHmnry. Ser.oruUxr,j and rertiary Amine.— 
hxpt. or monoinothylanihno. and trirnothylammo 

Mothylamim*. ^ ^ b ,lisH<dv.-d in hydrochloric acid ami u 

may Vio iiwod. added. From methylnmino nitrogen 

“mbrovol th, H„™ndary tl.u yollow oily „itro»o,u,.i„<. i» 

prodocS. while with trimothyl.mine noth.i.f .» r,.,l.e„d. 
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NITRO-COMPOUNDS 


130. Nitro^compouiids and Nitrites. — Two series of compounds 
of the formula R — NO2 are known. They are the alkyl nitrites 
(already considered in §§ 95, 96) and the nitro-parafiSns. 

The nitrites are formed by the action of a nitrite and an acid on an 
alcohol. Presumably nitrous acid is liberated and then reacts in the 
same way as any other acid with the alcohol. Nitrous acid has the 
structural formula HO — N=0, and the reaction is therefore probably 


H-0-N = 0 


C2H5-0-N=0 + HjO. 


The nitro-compounds of the higher paraflSns and of the aromatic 
hydrocarbons can bo formed by the action of nitric acid on the 
hj’drocarbon, water being eliminated. Since nitric acid is usually 


Cumulated as HO — 


O 

or at least as HO — NO 

O 


2 » 


the 


nitro« 


paraffin is probably formed by a reaction such as 


H 

I 

H - c - II + HO 
H 



H 

I 

R - C - NOaH- HjO. 

I 

H 


Apart from any question as to the structure of the nitro-group, 
it is evident that in the nitrites the alk3d group is attached to 
oxj’gen and in the nitro-compounds to nitrogen. The action of 
reducing agents on them confirms this. The nitrites yield an alcohol, 
ammonia and water. 


C.H.-O-N^O-h 6H = C2H5OH + NH3 + HaO. 

I he primar\' nitro-parallins juvld a primary amine and water 


7" 


O 


+ 6 H = CoHbNH^ + 2H3O. 


This shows that the carbon of the alkyl radical is attached to 
oxygen (CgHgOH formed) in the nitrites, and to nitrogen (CgH.NHj 
formed) in the nitro-paraffins. 


131. Diazometh^e CU,NV .Vr=.N i. prepared bv treating 

raothylaraiQO hydrorhlorido wuh bloachinc powder, so obtaitiit.c the volatile 
and explosive mothyldichloroamine. CH^-XCl.. This is trcoteil in ethereal 
solution with hydroxylumuie hydrochloride and sodium mothoxide. 
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NITRO-PARAFFINS 
[CHa-NHalCl + 2HOC1 = CUyiiCi^ + SH^O + HCl 
CH3 NCI2 + H2N-OH - CH2N2 + 140 + 2HC1. 

An ethereal solution of diazoraethanedistiU over. «<• 

The moat convenient method ia to treat an e^hercnl solution of n.tro- 
somethylurethane with alkali CH3 — N(XO)Ct>2Et ~ CH3 N = N OK 

+ KOH + EtOH + K2CO3. 

It ia a yeUow. odourless, very poisonou.s a.ul corrosive gas which may readily 

etWa^soliuon a^orVr rxc^dlont mean.s of •' t'roup. 

Thus it converts hydrocyanic acid into methyl cyanide, nitrogen 

CTr^iNa + HCN = CH3CM + N? 
being liberated. With water it gives methyl alcohol. 

CH2:N2 + H-OH = CllaOIi + 

• r*ii j_ HV = CIKX + N,. Its properties should 



132 . The Nitro-paraffins.— Thbso coiupou...!,. .ire of sm.iU impoil. 
ance compared with the very u.eful and co.umere.aUy aluable 
nitro-compoumls of the aromatic hydrocarbons (Ch. XXlil). 

The lower member.s of the series are prepare, by tlie reaetion of a, 
alkyl iodide with .sUver oitrite, which ai.parently has tl.e structu,,' ol 

a nitro-compound:* 

CH3I + AgNOj = CII3NO2 + Agl. 

The use of any other metaUic nitrite yields the alkyl nitrite, not the 

can be nitrated directly with fuming tutnc acid. 

C.^,H22 + HNO3 = C.oU^. NOa HoO. 

On the eommereial scale nitro-paraliurs are .nad, 0 ^ the reaction 

of hydiocarhons with ^.|^i'Xb.^l at temperatnros from 

upward^ 1^01? most important 
with reducing agenta an.l with n.trous aetd. In tl.e hrst 

are produced: 

CHa-NOj + GII = CH3-NH2 + 2H3O. 

r , 1 « dilToront product i» obtained according to 

In the second ca.so a dillcrcm. i _rn - =rH — 

whether the fan housed if we desiro to dUtinguish 

betwee^primf ry, secondary and tertiary alcohols. Those may be 

■ Cf. for,uation ef nitri'ei ."'ry-ni.t s 'S 
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converted easily into nitro-paraflins by (a) conversion into the iodide 
(§ 56), (6) treatment of this with silver nitrite, as illustrated below: 

CH, 


CHa-CHjCHaCHa-OH CH3— CH— CHa— CH, CH,— C— CH 


Primary butyl alcohol. 


I 


OH 

«ec.-Butyl alcohol. 


OH 

<er<.-Butyl alcohol. 




CH, 


1 


CH,CH,CH,CH,*I 


CH3CHCH2CH3 CH3— C— CH 




1 




CHgCHaCHaCHaNOa CHaCHCHvCH 


CH, 

I 

CH3— C— CH, 


NO 


2 


NO 


I’nrnary iiitrobutane. *cc..Xitrobutano. /er/.-NitrobuLano. 

A primary, secondary or tertiary alcohol ^^dll form a primary, 

secondary or tertiary nitro-paraffin. These latter are distinguished 

readily by treating them first mth nitrous acid and then ^rith an 
alkali. 

A primary nitro-paraffin gives a nitrolic acid which forms an 
intensely red salt: 


,2 +ON.OH +H.O 

H — C— NO, _^R_C( 




NOK 


R — C( 


'^NO, 


Rod nitrolaie. 

A .>-econdary nitro-parafiin forms a pseudo-nitrol which dissolves with 
a blue colouration: 


H ^ /II + HO-NO 
^NO, 


R- 


R. /N = O 
R" ^NO, 


+ H 3 O 
Blue pseudo-oitrol. 


Tertiary nitro-paraffins are not affected. 


Nitrogen Compounds.— TIio wocyoindos and cvonide. aro 

Imn « nw 1 bydroRon in hydrazino. N,H*. andhydroxvl- 

Bmn.e. N tnay bo 8ub«tiUitod by alkyl groups, and sm h oompi>undj.’fta 
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methylhvdrazino, and A'-methyUiydroxylamine. Cna-NH-OH, 

are formed. Tlicse ere not of importance, tliough tJie aromatic coropounds 
phenylhydrazine {§ 409) and phenylliydrosylamine are well-known substances. 


QUESTIONS 

n 1 Compare the properties of the - NHj group in an amide and an amine. 

(2) How is acetamitie ordinarily prepared? Wliat steps are taken to secure 

the maximum yield, and why? ■ •* -i 

(3) How doe.s acetamide react mth acids, alkalis, halogens, nitrous ac‘d, 
phosphorus pentoxidD? Outline the reactions by which ethyl alcohol could be 

conv'ertod into ac^tainid©. i * • .11 

( 4 ) Describe the preparation of mothylamino^dimethylajnine. and trimethyl- 

amine. How would you detect the presence of the lirst of these in a specimen of 

the r^ the properties of methylamino with those of ammonia. What 

teats can bo u.sed to di.stinpuish these sub.>»tance.s? 

(0) How would vou convert trimethylainine into tetramethylammonium 
hydroxide? Whot remarkable feature.^ does the latter compoimd pre.sent. 

V) Wiittt are secondary and tertiary amines? How would you 

tf» t‘lfi 5 isifv on iinWnow'n iiiniria? » . . • 1 • ■ 

(8) How can methyl alcohol be converted into ethyl alcohol and ricc i fr.?!!? 

9 Di.stinguish between nitrite.s ami nitro-compounds. How uould >ou 

attempt making use of the nitro-compoumLs. to classify an alcohol as primarj , 

8ncon^ar\* or tertiary? How couhl vou conlirm the coiiclu.Mons so reai ht d. 
seconduo . 0 t ■ ,.y Kjclclald s inetho.l yielded enough 

aniJn"<:n!a\'o neutralise c-. of normal acid. 

iubstance did not contain halogen or sulphur. Culculato it., formula. 



CHAPTER XI 


ALKYE CYANIDES AND RELATED COMPOUNDS 

134, The Cyanogen Radical. — The organic compounds containing 
the grouping CN are of considerable importance in organic syntheses. 
As cyanogen, (CNlg, and hydrocyanic acid and the cyanides, from 
which the organic cyanogen derivatives are derived, are usually 
regarded as organic compounds, these will first be considered. 

The radical -CN shows some analogy to an atom of a halogen 
such as -Cl, and the cyanogen compounds were among the earliest 
in which the behaviour of a radical or group of atoms was seen to be 
analogous to that of a single atom. We may compare the sequence 
of compounds, Cl, chlorine, HCl hydrochloric acid, CH3CI methyl 
chloride, with (CN), cyanogen, HCN hydrocyanic acid, CH3CN 
methyl cyanide. In their chemical behaviour, however, the reactions 
of cj'anogen bear but a superficial resemblance to those of a halogen. 

CYANOGEN, HYDROCYANIC ACID AND ITS SALTS 

135. Cyanogen, (CN),. — Preparation. — (I) The gas cyanogen is 
usnall^'^ prepared by the action of heat upon mercuric cyanide. 
Needless to say, every precaution must be taken to avoid breathing 
the gas, which is intensely poisonous. The mercuric cyanide decom* 
po.'ics to cyanogen and mercury, leaving behind a little of a brown 
soliil pohTneride of cyanogen, known as paracyanogen: 

Hg(CN), = Hg + (CN),. 

Silver cyanide may also be used. 

(2) The gas may also be prepared by heating cupric sulphate 
solution with potassium cyanide: 

CuSO* + 2KCN = Cu(CN )2 + K 3 SO 4 , 

2Cu(CN)3 = Cu,(CN)3 + (CN)2. 

(3) The action of phosphorus pentoxide on osamide (§ 210) yields 
the gas: 

CONH, CN 

I =1-1- 2 H 2 O. 

CONH, CN 

151 
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Structure . — The density and composition of the gas show it to have 
the formula C 2 N 2 . This might be formulated in several ways, as for 
example: 

C^N N=C N=C 

1 I I 

C=N N=C N=C 

I. n- 

The first of these formulae is probably correct as is shown by its 
preparation from oxamido. The structure of the -CN group is 
further discussed in § 147. 

Properties . — Cyanogen is a colourless gas of an unpleasant almond- 
like odour and is intensely poisonous. It is fairly soluble in water 

(4 vols : 1 vol.). , , , , _ 

Cyanogen bums with a beautiful peach-blossoin-coloured flame. 

In solution it breaks up, giving a variety of products, mcludmg 

ammonium oxalate and a brou-n complex powder, ‘azulmic acid. 


CN COONH 4 

1 + 4 H 2 O = 1 

CN COONH 4 

In its reactions it shows some analogy to a halogen. Thus it 
combines directly svith potassium to form potassium cyanide: 

2K + (CN )2 = 2KCN, 

and with caustic potash gives a cyanide and a cyanate (cf. chlorine) 
which gives a chloride and hypochlorite). 

2KOH -f (CN )2 = KCN 4 - KONO + HzO. 

130. Hydrocyanic Acid. Hydrogen Cyanide. IICN (Prussic Acid) — 
—The cyanides of the alkali metals arc the source of hydrocyanic 

acid. Their preparation is outhned below {§ 130- , 

(1) Hydrocyanic acid is prepared by distilling pota.ssium cyanide 

or ferrocyanide with moderately diluted Bulphuric acid: 

KCN 4- H-SO 4 = KHSO 4 4 - HCN. 

Concentrated acid converts the acid into ammonium sulphate and 

carbon monoxide and therefore cannot bo used. 

ConsidcraVde care is necessary owing to it.s volatility an.l the 
extreme deadliness of tlie vapour; the preparation must be con- 
ducted out of doors or in a fumc-eupboard with a good draught, 

and only skilled per-sons shoul.l attempt It. r ,u 1 .• 

(2) Hydrocyanic acid is formed by the action of dehydrating 
agents on ammonium formate; 

= HCN 'j- 2H20* 

(3) Several plants enntain glueosi.Ies (compeumls of kIucoso with 
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organic subatances) which by the action of hydrolysing agents 
liberate hydrogen cyanide. The commonest of these is amygdcdin, 
found in bitter almonds. This, by the action of water and an 
enzyme (§ 273) known as ‘emulsin’ (which is also contained in bitter 
almonds), is converted into hydrocyanic acid, benzaldehyde and 
glucose: 

CooH„OiiN + 2HsO = HCN + CJis‘CRO + 2CeHia0e. 

Oil of bitter almonds therefore contains hydrocyanic acid. The 
3’oung shoots of the common cherry-laurel when bruised evolve 
small amounts of hydrogen cyanide. 

(4) If the isocyanide reaction described in § 146 be performed with 
chloroform alcoholic potash and ammonia (under pressure) instead 
of vith an amine, hydrogen cyanide is formed. This is of interest as 
indicating the wocyanide formula BNC, while reaction (2) above 
indicates the C3'anide formula HCN (r. § 147): 




-f 3KOH = HNC -f 3KC1 + 


Properties. — H3'drogen cv'anide is a colourless liquid wth a sickly 
and repellent odour. It is one of the most violent of poisons, often 
I)ro<lucing death within thirt3* seconds. No remedy is of value unless 
instantly administered. Freshly prepared ferrous hydroxide made 
by mixing solutions of ferrous sulphate and ammonia is the best 
antidote. Hv'drogen peroxide is also of value. The vapour is exceed- 
ingly poisonous and every precaution is required in handling it. 
Hvdrogen cyanide boils at 26® C. and is therefore extremely volatile. 
It is ortlinari!3' kept in solution in water, with which it is miscible in 
all proportions. 

J l3’<lroc3'anic acid slowly decomposes in solution, the main 
product being ammonium formate: 


HCN 2H2O = H CO ONH,. 

It isa ver}' weak acid indeed. It-s salts are strongl3’ hydrolysed and are 
decomposed even by carbon dioxide. 

Un reduction it gives meth3damino, 

HCN + 4H = CH3NH3. 

. it gives c3’anoh3’drina {§ 70). It is 

detected bv the formation of Prussian blue (§ 4). 

H3'droc3'anic acid is manufacturetl on a large scale for the destruc- 
tion of insect pests on trees. The tree is surrounded by a sort of tent, 
and a small quantit3’ ol h3airoe3'anic acid is pumped in and at once 
evaporates. Alternativ(d3', potassium or sodium cyanide may be 
dropped into moderately concentrated sulphuric acid, thus liberating 



157 


CYANIDES 

the poisoDOUs gases. It has also been used for the destruction of rats 

in ships and bugs in dwelling-houses. , ^ ^ 

137^ The Cyanides.— The metallic cyanides belong perhaps rather 

to Inorganic Chemistry than to Organic Chemistry, but a short 
account may be of value. Potassium and sodium cyamdes are 
manufactured industriaUy on a large scale as they are of use in the 
extraction of gold from its ores. The chief method used m their 
preparation is the action of sodamide on red-hot charcoaL 

Sodium is melted and treated ^nth ammonia gas at 300 400 C 
and the sodamide so formed is then run on to red-hot ^^arcoah It 
arst reacts \vith the carbon forming sodium cyanamide, ^^hlch itself 
then reacts with carbon forming sodium cyani<ie; 


( 1 ) 

( 2 ) 

( 3 ) 


2Na + 2 NH 3 
2 NaNH2 -f" C 
NajN-CN + C 


2NaNH2H- Ha 
Na^N-CN + 2 II 3 . 
2NaCN. 


A good deal of sodium and potassium cyanide is n>ade from the 

t.vHrnrvanicacidprcsentinorudocoal-ga.x. r -i 1 

Both sodium and potassium cyanides arc bite salt.s, ea.sily fusdilo 
1 n in water They intensely poisonous. 

Lts^oTfvo^t eau'acX^^^^^ are ^uuch i.ydroiysed iu solution and 
their solutions smeU of hy.lrocyanic acid and are strongly alk.dmr . 

KCN + HjO KOH + HCN. 

Potassium cyanide finds uses in organic cliemistry for preparing the 

XrSi b^kad dLL, etc., it forms potassium eyauate 
KCNO (§ Jw), and rvhen fused with sulphur it gives potas.s,uui 

‘“‘m'poTasSi-ocyLde. K.l.-c(CN)., is usually prepared from 

ferrous sulphate solution to filter. .! and ova- 

crystal^ out iu hue yellow tahiilar 

crystals; ^ K.Fc(CN), + K,SO.. 

When distilled with dilute sulphuric acid it gives hydrocyanic acid, 

wrPotosi.l^^reiicy^de?K 

cyanMe"dised with chlorine, permanganates, etc., potassium 

fcrricyanidc „ Potassium FernVyauWe.-Dissolvo 

13 g^^of powdered potassium ferrocyanido in 100 c.o. of col 
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water and add 4 c.c. of concentrated hydrochloric acid. Dis- 
solve 1 g. of potassium permanganate in 150 c.c. of water and 
add the solution, a few c.c. at a time, tiD the solution no longer 
gives a blue colour, when a drop is mixed with a drop of ferric 
chloride solution. The solution is evaporated on the water-bath 
to 16 c.c. On cooling, potassium ferrioyanide crystallises out; 

KilnO, -h 8HC1 + 5K^Fe(CN)* = 6Ka + Mna, 

-f 6K3Fe(CN)« + ^HjO. 

Potassium ferricyanide forms mahogany-red crystals readily 
soluble in water. 

140. Prussian Blue. — The reactions of the ferrioyanides and 
ferrocyanides with iron salts are of importance for the detection of 
the latter and for the industrial preparation of the pigment Prussian 
blue. There are at least five different blue compounds, aU ferro- 
cyanides of ferric iron or double ferrocyanides of ferric iron and 
potassium. The best knovm of these is Insoluble Prussian BluCt 
which is made by stdding an acid solution of a ferric salt to a solution 
of a ferrocyanide: 

4FeCl3 -I- 3K,Fe(CN), -{- 10H,O = Fe*[Fe(CN)e]3-10H,O + 12Ka. 

It forms a very stable and insoluble powder of a deep blue tint. 
Other forms of Prussian blue are obtained by oxidising the white 
ferrous feirocj'anide, by using neutral solutions of ferric salts and 
ferrocyanides, etc. 

'J'he action of a ferrous salt on a ferricyanide also fields Prussian 
blue, ferric ferrocyanide being produced instead of ferrous ferri- 
cyanide as might be expected. 

141. Sodium nitropnisside, Na,[FeN 0 (CN) 5 ]- 2 H 30 , is formed 
when potassium ferricyanide is boiled with dilute nitric acid (1 ; 1) 
and the solution made alkaline with sodium hydroxide. It is a red 
crystalline salt, solutions of which give a deep purple colouration 
with soluble sulpirides, for which it is employed as a test (cf. use in 
Lassaigne’s test, § 4). 

ALKYL CYANIDES AND /50CYANIDES 

142. The Esters of Hydrocyanic Acid. — It is possible to prepare 
from the cyanides two different alkjd compounds. Thus, from ethyl 
iodide and potassium cyanide there i.s obtained a compound which 
when purified has a pleasant odour, while from ethyl iodide and silver 
cyanide a liquid of repulsive and intolerable odour is produced. 

I beae liquids both have the formula, CjIIsN, and it is presumed from 
their formation and reactions that one has the formula CgH^CN, and 
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the other the formula C,H,NC. The evidence for these formulae will 
be commented on in studying their formation and reactions, 

143 Alkyl Cyanides or Nitriles.— The nitriles will be sho^m to 
have the general formula R-CN. They are named from the acid with 
the same number of carbon atoms and the word ndri/e or f^m the 
alkyl radical and the word cyanide. Thus the compound CaH^CN is 
QBMQdi 'pr(ypxonitrile ox elhyl cyanide. .. i • 

144. Methyl Cyanide, Acetonitrile, CH3CN. — (1) Methyl cyanide 
can be made by heating an alcoholic solution of potassium cyamde 
with methyl iodide, or by heating methyl hydrogen su phate wth 
potassium terrocyanide, but in absence of cUrect evulence as 
whether potassium eyanide is KCN or liLN'C this method of formation 

throws DO light on its structurs. 

CH3I + KCN = CH3CN + KI. 

(2) Methyl cyanide is made by the action of pliosphorus pcntoxido 
on acetamide: 

CHj-C-NHj = CH3CN + HaO. 


O 

This reaction marks it out as .loflnitoly of the structure CII3CN and 

““frwertit -Methyl cyanide is a colourless liqukl with a "ot un- 
ple^s^nt ethereal odour, and is not particularly poisonous, it 1, oils at 

ft9® P Tt iH miseible with wab'r. , 

^^Methyl cyanide and other nitriles arc reactive substances^ When 

therare Tydrolysed by aci.ls, alkalis or superheated water, tlio 
ammonium salt of a fatty acid results, 

CH, CN + 2H,0 = Cil, CO ONtl.. 

This again is evidence that tlio carbon of the cyanide group is 
ItUch^” the carbon of the alkyl radical. The reaction is a valuable 

°“m:uTed“by"rarcu\"l.;drogc.n (.sodium and aleobol) the 
nitriles form amines. Thus methyl eyanide gives ethylamme. 

CHa'CN + 411 =* ClIa'CHa-NHa. 

carbon from ^ (§" If, 2 ). 

“ Cyi^des Striles, Carhai, lines, Carhylamines,.-Tli„ 

.•aocTamTerorcarbylamioes are isomeric with the oitnles: that is to 
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say, they have the same empirical formula. They "will be shown to 
have the formula RNC, the nitrogen being attached to the alkyl 
radical and the single carbon atom to the nitrogen atom. 

146. methyl MoCyanide* CHj'NC. — (1) Methyl »aocyanide can be 
made by heating silver cyanide with methyl iodide: 


CH3I + AgNC = CH3NC + Agl. 

(2) The usual method of preparation is the action of chloroform 
and alcoholic potash on a primary amine. Since the nitrogen in the 
amine is attached to the alkyl carbon atom, presumably the same is 
true of the nitrogen atom in the isocyanide, which therefore has the 
formula CH, — NC. 


CH3N 


H a. /H 

C + /W + 3KOH = CH 3 NC + 3Ka + 3 H 3 O. 

cr 


Properties . — Methyl wocyanide is a colourless liquid with an un- 
bearable heavy and putrid odour. It is poisonous. The wocj'anides 
are orilj’ slightly soluble in water. 

The isocyanides differ from the nitriles in the effect of hydrolysis 
upon them and in the effect of reducing agents. 

When they are hydrolysed with dilute acids, an amine and formic 
acid are produced. Thus methyl wocyanide gives methylamine and 
formic acid: 

CH3NC -h 2H3O = CH3NH3 4- H-CO OH. 

Strong reducing agents convert them into secondary amines, a 
reaction which also helps to demonstrate their structure: 

CH3NC 4- 4H = CHg-NH CHg. 

Diinethvlamino. 

147. Structure of the Cyanide and woCyanide Groups. — The 
cyanide group is usually represented as having the formula — C = N 
and this agrees well with its reactions. 

The tsocyanido group, — NC, presents more difficulty. The 
formula — N ^ C does not appear possible as nitrogen never shows a 
covalency of five, which would require a ring of ton electrons round 
the nitrogen atom, while eight electrons seem to bo the greatest 
number possible for the atoms of the elements of the first period of 
the periodic table. The formula — N=C suggested by Nef involves 
the conception of bivalent carbon and while this is not impossible, 
the tsocyanides are perhaps hardly reactive enough to justify it. 

The development of the electronic theory of valency has suggested 
a third possibility’^ c.xpressetl by the formula — N ^ C. The carbon 
atom shares two pairs of electrons with the nitrogen atom and 
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receives a share of a pair of electrons from it. The formula given 
below 

H. 


H : C : N l C 


o 


H 

shows the electronic arrangement, the electrons originaUy possessed 

properties of the iso- 

agreement rvith the latU-r for.nvila and not with the forum a 
"lii ftoctoe ol^nXcyanic Acid.-Hydrocyanio acid reacts 

lorn.ate Cf rile strnetnm 

indicated) and from 

(iaocyanide structure) l‘“ >““ I _ c and H - C = N. 

an equilibrium mixture of both tonm*. 

H - C = N ^ H - N ^C. 

rVANIC ACID THIOCYANIC ACID AND THEIK COMPOUNDS 

"^cyanic Acid, Cyanuric A^d and 
aU have the empirical formula HCNO. As 

formulae are probably: -ii,, ir K— C=0 

Cyanic aciU. N=0-0H or possibly il-N -C_u. 

Cyanuric acid, (HCNO) 3 , 

Fulminic acid II-O-N ^ 3^2 

Cyanuric “;„a t),o vapour condensed in a vessel 

^ord hy^'free'int' mixture, cyanic acid, CONH, condenses as a 

hquid of a pungent odour. . ^ ,eUde. which have 

It rapidity acid yields derivatives which 

™™;d“to bM^Jhe BUuclurcs N-C-OII and its tautomeric 

form II— N = C = O „„.„arcd by oxidising weU-coolcd potassium 

iLinanganate or by fusing potas- 
:f:m‘tyr^t°wHh le'ad monoxide or P-nxMe^or by oxidising 

"“^t“ilr:;ur:e%rHlcNO>‘onn4^^ being very readily 
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changed to urea {NH 3 )jC 0 , which is isomeric with it. The pre- 
paration of potassium cyanate and urea is described in § 309, Expt. 
70. 

By analogy with the cyanides, two different series of alkyl oyanatea 
might be expected to exist. The normal cyancUes would have the 
structure N^C — O— R while the \socyartaie8 would have the 
structure 0=C=N — R. 

There are no normal alkyl cyanates, but ethyl \&ocyanaU 
C 2 H 5 — N=C=0 is obtained by the action of potassium cyanate on 
ethyl iodide: 

C 2 H 5 I -f K -N=C=0 = C 2 H 5 -N=C=0 + KI. 

It is a colourless liquid with a suffocating smell. When hydrolysed it 
gives ethylamine and carbon dioxide, which indicates its structure to 
be CoHj -N=C=0 and not CgHg -O -C=N, 

C 3 H 6 — N= C=0 = CjHjNHa + CO,. 

Fuhninic acid is very unstable in the free condition and rapidly 
polymerises. Its mercury and silver salts are readily prepared, the 
former being of practical value as a detonating explosive. 

Mercury fulminate, Hg(CNO),, is made by dissolving mercury in 
nitric acid of suitable concentration, and adding alcohol to the 
re.sulting solution of mercuric nitrate in nitric and nitrous acids. A 
violent reactiori ensues and mercury fulminate crystallises out. The 
preparation is unsuitable for the student. 

lilerciiry iulminate crystallises from hot water in lustrous prisma. 
It is very sensitive to shock and explodes when heated or struck, 
'i he explosion is exceedingly rapid and is most effective in bringing 
about the detonation of less sensitive explosives such as nitrocellu- 
lose or picric acid (§§ 290, 377), and niercurj’ fulminate is therefore 
much used in percussion caps and detonators. 

Silver fnlminatc, Ag-ONC, is made in an anulogoiis manner and is on even 
•noro ocimitive anti dani^croiii? osplodive. 

1 ho Htnu’turo of tlio fulniinatoti han long given rise to dispute* Tho acid was 
at first thought to bo HoOoNoCn* but several of its reactions indicsto tho 
fornndu HOXC to be correct. Conductivity detornunations carried out on its 
solutions hIuiw that it is monobasic. For niojiy years tho formula HO— N = C, 
was adoj)totl. tlio presence of bivalent carbon being assumed. The arguments 
adduciMl made it clear that the atoms had tho order HONC. Tlius its formation 
from tho rnercurj’ salt of nitromothaue; 

{HiC«XO O)aHg ^ (C^N-^OlgHg+H^O 
and several other reactions indicated this formula. 
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Much doubt has recently been cast - ^ 

♦«ocyanide3 and carbon monoxide, ^ * Unkac©« (§ 19)- In the 

same waT^^l^as"rfcintly“e:^a^^el that fuhnlnic acid has the formula 
H— O— N^C orH— O ^ N ^ C:, the electrons originally belonging to the nitro- 

X 


fe7?o^"e*’rr^uir5lo^-N = a"aS"a:4U^ 

bivalent carbon. 

150. Thiocyanic Acid and its Derivatiyes.-rAjocyamc Acid, 

MSCN —The acid has been isolated but is very unstable. 

?o™rL“rr:S;Xtro 7 c:::t^ining feme t.;iocya„atc. TiiO reaction 

NH.-SCN, can he .nade by the action of 
carbon disulphide on annnonia in presence of alcohol. 

CS 2 + NH 3 = SCNH -j- H 3 S 
SCNH + NII 3 = NII 4 SCN. 

thiourea (§ 324): 

NH 4 SCN = NHa— CS— Mia- 

151. Alkyl Thiocyanates and 

alkyl compounds of _S -C=N and the i^othiocyanates 

thiocyanates have the formula it, 

the formula R - N=C=S- obtained by the action of 

potassium cthylsulphato on potassium thiocyanate. 

KSCN + K(C.H,)SO. = KeSO. + C,H,SCN. 

. , rtdryiir of leeks. Its reduction to ethyl 

It is a liquid with a powc _S-(‘^N and not 

sulphide shows that its formula is C,H, 

CaH^-N=C=S. 

CjH^SCN + 2H = + HCN. 

Etkyl isothiocyanau is obtained by the action of carbon disulphide 
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SYNTHETIC USE OF NITROGEN COMPOUNDS 


CH,-CH,OH 
Eihy! AJcohol 


CHj-C-O 


OH 

Acetic 

Acid 




NH 



CHjCHi-Br 

Ethyl Bromide 


KCN 


t 

CHjCH;-N‘SC CHyCH,-C5N 


CHi-C-O 

O 

Ammonium 

Acetate 


Ethyl 

MoCyaniclc 


H«;kT 


t 

CHj-C « O 

1 

NH. 

% 

Acclaniidc 

KOH i 
Ur . 


CH - NH, 
Metin Inniine 




•CH,-C 

u 

N 

Mcihvl 

Cv.Mlulc 


RrJvC*.*v'' 


Ethyl 
Cyanide 


Reluct km 


O 

3 

0 


CH, CHj- NH; 
Ellis lajiu'nc 






CHj’ CH, C = 0 

O NH^ 

Ammonium 

propionate 


CHj CHj- CHj-NH, 


H.SO, 



4 


1 / 


HNO, 

T 


UNO; 


HNO, 

1 


CHj OH 
Mciliyl 
AK ohul 


CHj CH, - OH 
l.lhyl 
ALohul 


CjH;' OH 
Pro|>vJ 
Alcohol 


CO OH 
Propionic 
Acid 
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on ethylamine, the intermediate compound first formed being 
decomposed with silver nitrate or mercuric chloride: 


CaHgNHa +CS2 H-HsN CjHs = [C2H5 NH CS S] " [H3N C2H6J+ 

[CaHftNH-CS-S] “ [HaN-CaH^] + + 2AgN03 = C.HsNCS + Ag.S 

+ C2HaNHa+ 2HNOa. 

This reaction shows its structure. It has a powerful odour of musUrd. 
The true mustard oil is allyl \&othiocyanate , CH 2 — CH CHa'JNOb, 

and is discussed among the allj'l compounds. ^ rr-u 

152. Use of Nitrogen Compounds in Synthetic Reactions.— 1 he 
amides, amines and cj'anides afford a rcadj^ means of convertmg 
compounds of a particular alkyl radical (e.j?.. ethyl) into the com- 
pounds of the alkyl radical containing one carbon atom more or less 

P- alcco, fro. a lower, we .ay for. the 

halide, convert this into the cyanide, reduce this to the amine and 
treat this with nitrous acid, thus forming the next higher alcohol. 


aC^H.OH + 

C 2 H J + KCN 
CjH.CNH- 4H 
C.H. CHa-NHa-l- HO-NO 


SCjHjH- P(0H)3. 
CallfiCN + KI. 
CjHsCHa-NHa. 
C..H,CH20H+ N 3 + H 2 O 


To pass to a lower alcohol we may oxidise the alcohol to an acid, 
convert this into the amide, treat this with brom.no and caustic 
potash and treat the amino so produced with nitrous acid. 

CjHaOH + 20 = CH3-COOII + H, 0 , 

CH3 CO OH + NHa = CH3 CO O NU4. 

CHa-CO ONH* = CH3 CO NH, + H* 0 , 

CHa-CONHa+I5r2+4KOH = Cn3NUa+R»C03+2KBr+2H20. 

CHa-NHx + UNO, = CH3 OH + Nj + HaO. 

These and other relations between the nitrogen compounds are set 

reactions, it is theoretically possible 
to make^y alkyl compound from any other, but m practice the fact 
that the view of^product is rarely more than about 70 percent^ of the 
theoreti(S makeTit difficult and expensive to carry out an extended 

series of such reactions with the same material. 

At this stage it may be weU to refer back to the synthet.o .ethods 
of prepariBg the paraffins given in § 28 and so to revrew the methods 
available for budding up any desired alkyl compound. 
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QUESTIONS 

(1) How are cyanogen, hydrocyanic acid and methyl cyanide prepared? 
How far is the cyanogen radical analogous to a halogen? 

(2) What is the relationship between the cyanides and tsocyanides? How are 
acetonitrile and methylcarbylamine prepaid, and in what respecta do they 
differ? 

(3) What formula have the oyanatcs and isocyanates, the thiocyanates and 
iso thiocyanates? To which of the latter classes do the ^mustard-oila* belong? 
On what evidence is your opinion baaed? 

(4) How can the nitriles and isocyanides be employed to make: — 

(i) Acetic acid from methyl alcohol? 

(it) Ethylamine from acetic acid? 

(iii) Ethyl alcohol from methyl alcohol? 

(iv) Methyl alcohol from ethyl alcohol? 

(5) Explain how the reaction by which isocyanidos may be prepared from 
amines may bo used as a tost. What class of amines respond to this t^t? 

(6) Explain the roactions used for the detection of cyanides through the 
formation of Prussian blue. 

(7) What are the formulro of potassium thiocyanate, forrocyamde, forri- 
cyanide and nitroprusside? Brtelly outline their preparation* How can they be 
distinguished by simple tests? 



CHAPTER XU 


alkyl compounds of sulphur and some 

OTHER ELEMENTS 


153. Alkyl Compounds containing Sulphur. — The analogy between 
oxygen and sulphur, the first two members of the sixth ^oup of the 
Periodic Table, might lead us to expect that a number of the or^mc 
compounds which contain oxygen might have analogues containing 
sulphur. We find in fact that this is the case. Among such com- 
pounds are: 


Thio-alcohols or mercaptans 
Thio-etbera . 

Thio-ketones 

Thio-acids 

Thio-amides 


R— S H 

R 

I R— CS— OH 
R_CO— SH 
I iv-CS— SH 
It— CS— NH, 


The first two of the above classes are of some practical importance. 


MERCAPTANS, R— S— H. 

Mercaptans may bo regarde.l as tbio-alcobola “ 

hydrogen aulphido in which an aikyl group la substituted for one 

''^^TLTydrogen aulphido differs considerably from hyckogen 
oxid^water-HO the mercaptans differ widely from the alcohols. 

As an example of a mercaptan wo may take ethyl morcajitan, 

'^fw/Ethyl Mercaptan. C.H.SH, is made by the action of an 
alcohoUc Elution of pota.saium hydrogen aulphido on an ethyl 

halide: 

CjHjBr + KiSH = CjHjSH + KBr. 

ThU reaction is evidence that the formula C.H.SH is the correct one^ 
It can also be made by heating phosphorus pentaaulphide with 

44 -Forviation of Ethyl iff arcapian.-Heat a piece of 
sulphur’ the airai of a pea. with half as much r^ phosphorus m a 
naSow test-tube. When the residue baa sohdified add a little 

167 
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ALKYL COMPOUNDS OF SULPHUR 


alcohol and heat. The unpleasant smell of ethyl mercaptan is 


at once apparent. 

Properiiea . — Ethyl mercaptan is a volatile liquid with an exceed- 
ingly unpleasant smell recalling both onions and hydrogen sulphide. 
It boils at 36° C. and is slightly soluble in water. 

The mercaptans resemble h^'drogen sulphide in that they are very 
weak acids. They form salts known as mercaptides. Thus, with 
mercuric oxide ethyl mercaptan forma a white crystalline salt, 
mercuric mercaptide HgiSCjHj)*. The name mercaptan is derived 
from the Latin mercurio aplum^ ‘readily combining with mercury.* 

Oxidation converts mercaptans into sulphonio acids. Thus nitric 
acid oxidises eth 3 ’l mercaptan to ethane-sulphonio acid (ethyl- 
sulphonic acid) C 2 H 5 -SOsH: 


C,Hj-SH + 30 



The latter must be distinguished from ethyl-sulphuric acid (ethyl 
hydrogen sulphate, C 2 H 5 -HS 04 , cf. § 93), and also from ethyl 
hydrogen sulphite, C 2 II 5 H 1 SO 3 , ^^^th which it is isomeric. Ethane- 
sulphonic acid differs from the other two in that it is not an ester and 
is not hydrolj'sed by solutions of caustic potash. 


C,H 




o 


o 


Etlivl aiilphuric acid. 



o 

o 


Etbano-sulphomc acid. 


CaHfiOv 

> S -^0 

HO^ 

Ethyl hydrogen sulphite. 


THIO-ETHERS, R— S— R'. 

The thio-ethers maj’ be regarded as ethers in which oxygen is 
rcjdacod bj' sulphur, or as bj'drogen sulphide in which both hydrogen 
atoms have been replaced by alkjd groups. 

IThyl sulphide (C^HjloS may be taken as typical. 

155. Ethyl Sulphide, (CsH^l^S, is made by the action of ethyl 
halides on normal potassium sulphide (u. Expt. 10 (4) ). 

2 C 2 H 6 Br + KoS = -h 2KBr. 

or hv the action or phosphorus pentasulphide on ethers. 

Ethyl sulphide is a liquid of an exceedingly penetrating odour, 
onion-like and sulphurous. It boils at 91° C. and is almost insoluble 
in \ratar. 
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THIO-ETHERS 

As might be expected the thio-ethers do not show acidic properties. 
Since sulphur can show a greater valency than two they are readily 

oxidised. 

Bromine and ethyl sulphide give a dibromide, 


C^H / ^Br 


while nitric acid can give two compounds, a sulphoxule ami a 
aulphone. 

n xj . C«H.v _ O 


ps-^o 

c^h/ 

Diethyl sulphoxido. 


c,n/ o 

I'thyl (^uljihouo. 


Some of the sulphones are of importance owing to their liypnotic 

properties (v. Sulphonal, 6e/ou;). o ^hnil-^r manner 

With the alkyl halides the tl.io-ethcrs behave in a Miinlar manner 
to the tertiary amines (§ 128) forming salts ol a sulpUomum base. 

CH 

“'>S + CH3l = [(CII,)3S]I. 

f'H ^ 

^ Triini^tliyNulplMuiiuin 

By treating thU salt with silver oxhlc, t'- T’ a 

pound, tri^thylsulphonium hydroxnle ^ 

strong base much resombUng caustm po^ ^ 

Dichlorodiethyl sulphide, ami not verv 

the war of 1914-1918 as -ritation .d 

volatde liquid, the vapour of whicti causes most mok 

the skin, eyes, and lung^^- 

.• Ilf aii'l in<*r**npt iin 

156. SuJphonalis mu.ioi.y 

with hydrochloric ocid. tl.uB fornunjj u m>.rcaj>lol. 


II kA««.r« * W • -r 

CHjs. iisc.n, ('Mr, 

Hsr,iu ^ 


. o , hv .n<-un3 of 

Tljis latter product is th<-n oxiUih- .i y 


aulphonal. 


Cl!;. 




S (\iu 


y N.O 


yO 

S ^C^!!* 

O 


.1 .lir Tho methyl ^'roupi. rnuy ho r-pla<-od auccoas.voly 
It w an oxc^^llent l.ypnot.o I ho mexi y ^ i 

by ethyl, giving tl.o hypi.ot.ca tnonnl and 
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ALKYL COMPOUNDS OF OTHER NON-METALS 

Alkyl groups may replace the hydrogen atoms of the hydrides of any of the 
aon*motals. Thus we have the all^l compounds given in the table below: — 




Correspondiog to 

Alkyl oompounds. 

the hydride. 

Primary \ 

PH2*CH« 

. PH, 

Secondary } Alkyl Phosphines PHiCHs)^ 


Tertiary / 

PCCHs), 


Tertiary Alkyl Arsines 

A3(CH3)2 . 

. AsHs 

Tertiary Alkyl Stibinea 

Sb^CHa), . 

. SbHj 

Alkyl Sili canes 

Si(CH3)4 . 

. SiH, 

Alkyl Boranes 

B(Cfi3)3 . 


Alkyl Selenides 

SeH(CH3) 

. . SeH, 


Se(CH3)2 . 


Alkyl Tolluridos 

TeH(CHa) 

1 ToH, 


Te(CH3)a 



Few of these are of importance^ and only the phospliorua and arsenic com* 
pounds require mention here. 

157« Alky l PllOSphillBS do not resemble the amines very closely^ as might 
be expected from the considerable differences between phosphine and ammonia. 

Thus the alkyl phosphines are only very foobly basic. Since phosphorus 
forms quinqaev*alent compounds much more readily than does nitrogen^ the 
nllcyl phosphines are readily oxidised^ forming compounds such as (CH3)3FO. 
The alkyl phosphines ere highly inflammable liquids of a very powerful stupe* 
fying odour. 

158. Alkyl Arsines. — Several of the organic compoimds of arsenic are of 
value in medicine^ but the alkyl arsines and araonium compounds are all 
intensely nauseous and poisonoua. True primary arsines, e.g.p AsH2(CH3), are 
not knoum, but the compounds AsCl2(CHj) and AsCltCHa)^ exist- 

Trirnethyl arsine^ As(CH3)3, is a fuming liquid readily oxidised to a com- 
pound {CHal^As - O. 

159. Cacodyl Compounds. — WTien o mixture of potassium acetate and 
arsenic trioxide is distilled, there passes over a spontaneously inflammable 
fuming liquid, intensely poisonous and of horribly nauseous odour. This is a 
mixture of cacodyl, As2(CH3)4, and cacodyl oxide, [As(CH3)g]20. 



/CH3 

As = O 2 CH 3 COOK 

As< 


1 ^CH, 

0 + 2CO, + 2K5jCOa 

Is = 0 2CH,COOK 

^CH, 


'rhis liquid, when treat-ed with caitsiio potash solution, gives cacodyl oxide^ 
This compound behoves like n basic oxide, giving salts such as cacodyl chloride, 
A 8 (CH3)2C1. Zinc reduces it to cacodyl 

xCH3 

r<cH. 

\CH, 
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methylzinc 

a colourleas liquid of intenBoly poisonous character. U i» spontaneously in 
flammable. 


CH3 

CH, 


Cacodylicacid, is obtained by careful oxidation of cacody 

CHa/ 11 
O 

oxide. It is very much le^ poisonous than the other cacodyl compounds. Its 
salts have been used medicuially. 

160. Alkyl Compounds o! the Metals.-Most of the metals form 
alkyl compounds which are in most cases volatile and highly 
Uqidds. One of them, tetraethyl lead, PbiCJIs),, has ' 

mercial use as an anti-detonating agent (.ant.-knock) »' Pvt™'- " 
methvlzinc Zn(CH.)j, and the alkylmagnesium halides, such 
as CH,'Mg-i, are valuable reagents for the synthesis of many organic 

“"lerMethylzmc, zinc methyl, Zn(CH 3 )., is made by the direct 
action of zinc upon methyl iodide; 

Zn + CHgl = CHa-Znl 

2CH3Zn-I = Zn(CHB)a+ 

The reaction does not take place vary readily. Sinee^zi-^i-tl^ 

inflames spontaneously heated with zinc 

an atmosphere of an inert gas . ti } 1^^ ^ condenser 

filings and sodium amalgam in a lU muhT mercurv. 

which is isolated from the outer air by a ” ^ ‘ I ( hath It foriu-s a 
After 36 hr. the methylzine is distilled "'^on an od-ha,ln ^ 

colourless liquid of very “"1’''^“^^'', giving zinc hydroxide 

inflammable. Methylzine reacts \Mth ns au r g h 

and methane: 

Zn(CH,), + 2H,0 = Zn(OH )3 -k 2CU.. 

Zinc methyl and zino ethyl e.flirely 

formerly much used in organic -a rcairents. 

replaced thealkylmagnesiurn a alcohols, tertiary 

Zinc alkyls may bo used to i P Drepareil by the use of 

alcohols and ketones, but aU these arc better prepare.! y 

the Grignard reagent, aa dcBcribec c ow. 

grignard REAGKNTS 

xToiiHoc The alkvbU'agnesium halides, 

162. Alkylmagnesium HaUdes. probably the 

known as the Grignard re*age _ < ' organic chemist for the 

group of compounds most useful to the organ 
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solution of an alkyl halide in ether, all the reagents being very dry. 
Thus magnesium and ethyl bromide give ethylmagnesium 
bromide: 


CaHjBr + Mg CgH^— Mg— Br. 


The ethylmagnesium bromide forms a co-ordinated compound with 
the ether, probably, 




Br 


\ 0->Mg/ 
CjHs/ ^C,H 




Expt. 46 . — Preparation of M ethylmagnesium Iodide .^ — Some 
ether (150 c.o.) is very thoroughly purified and dried. It is best 
shaken with half its volume of water to remove traces of alcohol, 
etc., and then left to stand overnight over granulated calcium 
chloride. The ether is poured into a dry flask fitted with a cork 
and calcium chloride tube which serves to allow the escape of 
hydrogen without the entry of moisture. Thin slices of dean 
sodium are dropped into the ether, which is then left till no more 
gas is evolved. It is then distilled over sodium into a well-dried 
flask from which moisture is excluded by means of a calcium 
chloride tube. Some methyl iodide is dried by standing over 
calcium chloride and then distilled over fresh calcium chloride in 
the same apparatus as was used for the ether. Magnesium 
ribbon is made absolutely clean and bright by rubbing first with 
fine emery paper, then with filter paper and cut into inch lengths. 
4 g. of this ribbon are weighed out and put in a flask fitted with 
reflux condenser; the flask, condenser and cork being thoroughly 
dry. 25 g. of methyl iodide and 16 c.c. of the dry ether are 
mixed and poured on to the magnesium. A brisk reaction 
shoxild occur within a short time. If it does not do so, a small 
crystal of iodine may be added. The flask may require cooling at 
first to moderate the reaction, and later may bo heated until the 
whole of the magnesium has dissolved. I^Tion this has taken 
j)lace, add 50 c.o. of dry ether. 

The flask now contains a solution of methylmagnesium iodide 
in ether which should be used at once for Expt. 46: Synthesis of 
tertiary butyl alcohol. 

163. Properties of Alkylmagnesium Halides. — The alkylmag- 
nesium halides, as obtained by di.stillation of their ethereal solutions, 
are whit© solids. Thej' are, however, almost always employed in 
ethereal solution. 


* Thia experiment anil Kxpt. 40 which follows from it are best postponed till 
the student has had a lair experience of practical organic cbemi^itry^ 



GRIGNARB REAGENTS 


1 


REACTIONS OF ETHYLMAONESIUM BRO:\IIDE 



ALCOHOLS 
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With water or alcohols the Grignard reagents give hydrocarh<ma, 
CsHgMgBr 4 - HjO = CaH, + MgBr(OH), 

CjHjMgBr H- CaHjOH = CjH, + CsHjO-MgBr. 

The residual product &om the action of an alcohol reacts with an 
alkyl halide to give an ether^ 

CaHsO-MgEr + CaHjBr = C2H5 - O - CaHj + MgBr,. 

With alkyl halides the Grignard reagents form hydrocarbons: 

CaH^Br + CtHgMgBr = CaHy CaHs -f MgBr,. 

Propyl bromide* Pentane. 

With acid chlorides they give hetones: 

CH3CO CI + CaHa-MgBr = CHa CO CaHs -f MgBrCl. 

Methyl ethyl ketone. 

With aldehydes and ketones they give products which are decom- 
posed by water yielding alcohols. Formaldehyde yields primary 
alcohols: 

TL 

>C = 0 + C2H6MgBr = 

\Y W ^OMgBr 

}(\ = C.Ha-CHaOH + Mg(OH)Br, 

IV ^OMgBr+HaO 

n-Propyl aJrohol. 


Other aldehydes give secondary alcohols: 


C.H 


(’IT3 _ C=-0 + CnHfiMgBr = CH, - C^OMgBr 


C™H 


II 

CJI 


CH3 - OMgBr II 2O = CH3 - C^OU + Mg(OH)Br 

Arr.-nutyl alcohol. 


Ketones give tertiary alcohols: 

cn3v 

)'C = 0-hC2H,MgBr 
CH3^ 

(CH 3) ,CoH 5-C*O.MgBr+ H .O 



DiniethylothytcarbinoL 
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tetraethyl, lead 

Exvi- 46 . — Preparation of Tertiary Butyl Alcohol. Diy some 
acetone over calcium cUoride and redistil it in a well-dned 
apparatus and add to it an equal volume of dry ether. 
sSution of methylmagnesium iodide (prepared Expt. 45) 
flask and add the acetone-ether miirture to it 

occasionally. Let the mixture stand overmght. Add to t e 
resulting solution an equal volume of dilute sulphuric acid and 
shake well. The solution separates into an upper ethereal ay 
Ind aTower aqueous layer, both of which contam the butyl 
alcohol. Distil the ethereal layer on the water-bath and add anj 

butyl alcohol to the aqueous layer. 

Distil this in steam (see § 381. Fig. 53). and col ect the fir.t 

60 c c of distillate. Saturate this with solid potassium car- 
bonate The tertiary butyl alcohol separates as an upper layer 
anHay be drawn off by meana of a separating funnel, dned 

ntiipk-limo flind rcdistiUccl- • i i 

2C,H,C00MgBr 2 C,hVoOH +^lgS0. + MgBr,. 

inflammable gases and air. our and air in the cylinders 

The compressed charge of p ^ 

of a“ internal “nibustion eng 

explode suddenly and vio cn J ^ becomes greaU'r the 

progressively as is desirable. ^ j.^^ever. desirable to 

chVrg: h%.dyX'’th::>^ aVengme of given cylinder 
comprees the ^ f,.,q «„d eo produce more power, 

capacity l» enabled ‘o.‘ake occasioned by this high 

The the presence of a small proportion of 

compression is [known commercially as ethyl); a small 

prop:rt7on':mi! (1 : lOiW “^hylcne dihromidc, etc. 

is dissolved in the pc'-™'- ^^^traethyl lead is made by the action of 

lit. .»>». .» . C-.™- .».r 

of sodium ^ l>b = Pb(C.H.). H- 4NaCl 

In the laboratory it may he made by the action of ethylmagnes.um 
bromide on lead chlondo or '’'■o™''''; 

4C H MgBr -h 2VbBr, = PblCjHft)* + 4MgBrj -1- 

It U a heaVy colourless Uquid which slowly decomposes when exposed 
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to light. It is very poisonous, but the fears at first expressed as to 
the danger of its use in petrol seem to have been unnecessary. 

165. Other Metallic Alky ls. — Most metals form alkyl compounds, and th© 
action of the Grignard reagents upon the halide of the metal is the usual 
method of preparing them. 

nC 2 H 5 MgBr + MBr„ «= M(C 2 H 6 )„ + nMgBr*. 

Cadmium dimethyl, prepared as above, has gained importance as a more 
stable substitute for zinc dimethyl. 


QUESTIONS 

(1) Show how the alkyl groups can replace tho hydrogen in the hydrides of 
most elements. How far do the resulting alkyl-oloraents resemble tho analogoxis 
hy<lrido 3 ? 

(2) Compare tho organic compounds of oxygon and sulphur. 

(3) What i.s sulphonal and how is it prepared oommerciallyT 

(4) How are tho Grignard reagents prepared and how do they react with 
water, alcohols, aldehydes and ketones? 

(fi) How can (1) alcohols (primary, secondary and tertiary), (2) ketones, and 
(.3) hydrocarbons ho synthesi.sed by the use of the Grignard reagents? 

(H) Wliat is tetraethyl lend? How is it manufactured, and for what purposes 
is it used? 



CHAPTER XIII 


THE OLEFINE HYDROCARBONS 

The series of hydrocarbons knoni) as the paraffins 
the only one. Members of another important ® ^ 

can be obtained from petroleum, by the act, on of 
of alcohols and sulphuric acid, and by several other 
These oleEne hydrocarbons are found to have the 

166 . Structure of the Olefines.-A study of the formul.^^ of t e 
isomeric paraffin hydrocarbons (e.g., the pentanes), as g.ven in the 
tebTe ffi T^rwill convince the student that these eriiaust the 

possibiUtiL of linking quadrivalent carbon and 

in open chains by means of single bon. a. T he “"'f 

can write the structural formula ol ethy .me a.e (u) by 8 

carbon aa tervalent or (6) by jo.n.ng the t«o carboi, ^ 

double bond or (c) by consi.lering the carbon atoms to have one 

more free valency bonds. 


H— C— H 


z. 


11 . 


Carbon torv ulont. Dooblo hnUago. 



H 

1 

H— C— H 

j 

H— C— H 
1 

1 

H— 0— H 

1 

1 

0 - 

11 

1 

111. 

IV. 

Freo 

valonoi^^^i. 


Possible Structures of Etkylcns 


1 • I 1 Atr. ornontinc Formula II are the foUowing: 
expect compounds such as CH3 or 2 ^ 
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THE OLEFINE HYDROCARBONS 

These do not exist. The phenomenon which allows carbon to 
combine writh fewer hydrogen atoms than we should expect from 
its valency of four, always affects two carbon atoms at once.. This is 
not accounted for by the supposition of a possible tervalency for 
carbon, and Formula I may be ruled out. 

The same argument applied to Formula III, for there is no 
apparent reason why compounds such as 

H H 
H - C - C 
H H 


should not exist, if unsaturation is due to the existence of free 
valencies. In the same way if Formula IV were the true one, we 

H. 

should expect methylene /C= to exist. 

W 

(2) A valency of tlmee is not found in any of the other elements of 
Group IVb of the Periodic Table, and is therefore unlikely in carbon. 
This is also an argument against Formula I. 

(3) Formula IV would lead us to expect that the reaction of, say, 

CH, 

chlorine with eth 3 ’luno would vield a compound | , ethylidene 

cHa* 

CHaCl 

chloride (§ 60), whereas in fact ethjdene chloride | is produced. 

CHaCl 


This rules out Formula IV. 

(4) The isomerism of unsaturated compounds, c.^., fumaric and 
maleic acid ((/.v., § 217), is accounted for by the double Imkage 
formula but not by the hj’pothcsis of tervalent carbon or the free 
vulencj’ theoiy. 

It is believed, then, that ethylene and the other ‘unsaturated’ 


compounds allied to it, contain the linkage C = C . This groupmg 

/ \ 

is reactive and shows a tendency to be converted into the normal 


single linkage — C — C — . This can be brought about by com- 


bination with two univalent atoms or groups, and accordingly the 
characteristic reactions of the unsaturated compoimds are additive. 
In general terms their chief reaction is: 
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DOUBLE LINKAGES 

R 


R - C - R R - C - X 

II -f- XY = I 

R-C-R R-G-V 


U nsat urated . 


R 

Sutiirotc-d. 


The term ‘unsaturated/ applied to the olefines and their deriva- 
tives and some other compounds, impUes that tlio carbon atoms m 
them are not exerting aU their power of combination ^vlth other 
elements, and that consequently the compound containing them can 
combine with other elements or compounds additxvely. 

Thus we caU carbon monoxide ""saturated because it t^^e 
UD chlorine directly and additively, CO -p Clj — COClj. 
methane saturated because it will not ad.l on any other “t°n«. b^ 
must react by aubMution, one atom being removed to make room 

for another: , urti 

CH* + CI 2 = CH 3 CI -h HCl. 

1R7 The Olefines List and Nomenclature.— The olefine hydro 
caJbo^Te the name of the parallin hy<irocarbon having the 

^me numbef of carbon atoms, with ‘bo -substitution of lm e_ 
tion -ene for -ane. Thus the hydrocarbon is called 

The lower members are also given names ‘ ® 

corresnonding alkyl railical and the teriiunation -e.ne Ihus the 
hydroLrbon C 3 Ha'ia commonly called propyhna and not propane 

The variouu i«on»«ri<Jcd witli h..nd. 

tlwy 

branch. ThuH the hy<Jrfi<.urhon 

1 2 2 

CII3 — CHa — , , . 

name in derived- 4 Tj 0 7 8 

2 3 CHa — 

CHg — “■ ^ cHa Clls 

i. caUed S.sthyl- 5 .o<.t..ac., or soinotiiais. S.othyl.a^.octcno, tl.„ Greek letter A 
‘“a“ok fetw™ may alson-'plae,, the o, linkers. Thus the hydrocarbon men- 

tiunod above might bo cQnc-a-,-.Uhyl-t-octene. , , 

The foUowing table shown the formul®. names and boihng points 
of a few typical olefine hydrocarbons:— 


4 6 <> 

=: cn — cHa — t-’iL 
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C,Ha 

Ethylene 

Ethene 

b.p. 

-103® C, 

C3H3 

Propylene 

Propene 


48® 

C 4 H 3 

Butylene 

Butene 

ff 

-5® 


Amylene 

Pentene 

$9 

39® 

CioH,o 

Decylene 

Decene 


172® 

CsoHgo 

Melene 

Tricosene 

ni.p* 

62® 


The possibilities of isomeriam among them are very similar to those of the 
parafhn series. Thus wo can theoretically have five different pentenes of 
formula CjHu,. 

1- pentone .... CHo = CH — CHg — CHg — CH 3 

2- pentene .... CH 3 — GH = CH — CHs — CHj 

2-niethyl-2-butene . . (CHjlgC = CH — CH 3 

2 - methyl-l •butene . . CH^ = C — CH 2 — CHj 

CH3 

3- inethyl-l -butene . . CII 3 — CH — CH «= CH* 

CH, 

As typical of the olefine series of hydrocarbons we may take the 
gas ethylene, C 2 H 4 . 

168. Ethylene, CjH^. — Ethylene may be prepared: 

(1) By the action of dehydrating agents on alcohols. Sulphuric 
acid and phosphoric acid are commonly used as dehydrating agents 
(Expt. 47), while passing the vapour over heated alumina or thoria 
is also effective: 

CaHaO = C 2 H 4 4- HgO. 

(:^) Pure ethylene may be prepared by warming an alcoholic 
solution of ethylene dibromide with granulated zinc: 


CHaBr 

CH, 

1 + Zn — 

II 4- ZnBr, 

CHoBr 

CH, 


(3) The electrolysis of salts of succinic acid yields ethylene. The 
method is analogous to the preparation of ethane by electrolysis of 
acetates. 

co-o 
I 

CHj CHj 

I =11 4- SCO,. 

CH, CH, 

I 

COO 
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ETHYLENE 

(4) Ethylene is now obtained as a by-product from the crac^ng 
of pUroleum. It is used commercially for preparing ethjiene 

chlorohydrin {§ 190) and glycol (§ 188). 



FTr^t 47 — Preparation of Ethyle7ie from Alcohol and Sulphuric 

hxpi. 47. 7 . .. j rt litresl is fitted with a thermo- 

dioxide, ete- J 8 j ^ mixture of equal volumei. 

“ho/anTronrutiate^d eu.pburic acid iu added from the 

dropping tuanel. coUected. The gas in 

onfsZuJ h” f;u“rned an/the bright smoby flame noted. To 
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another, two or three drops of bromine may be added and the 
jar closed. In the course of some minutes the colour of the 
bromine will disappear and a few drops of a heavy liquid 
insoluble in water (ethylene dibromide) will be produced. A 
third jar may be shaken with acidified potassium permanganate 
solution when the gas will be seen to be oxidised. Note that 
none of these reactions was given by methane in Expt. 1. 

Physical Properties of Ethylene . — Ethylene is a colourless gas with 
a faint sweetish smell. It acts as an anaesthetic and has been used 
for this purpose. Ethylene is of almost the same density as air. It 
is sparingly soluble in water. 

Chemical Properties . — Ethylene burns in air with a bright smoky 
flame. It bums also in cMorine with a reddish flame, forming 
hydrogen chloride and free carbon. The most important reactions 
of cthNicm* are additive and of the type 



H— C— H 



AB 


CHj^ 

I 

CHjB 


Thus it reacts additively with h 5 ’drogen in presence of a suitable 
catalyst, with chlorine, bromine, h 3 ’drogen iodide and fuming 
sulphuric acid. Similar behaviour is shown b}^ all substances 
containing the double bond. 

With hj’drogen, ctliane is formed in presence of suitable catalysts. 


CHa 

CH 

II -f H, = 

1 

CH, 

CH 


If a mixture of ethjdene and hj’drogen is passed over heated 
metallic nickel or spongj' platinum, the eth^dene is completely con* 
verte<l into ethane. Nickel is peculiarly active and has been used 
for bringing about many reductioiid with hydrogen which could 
hardlv’ be accomplished otherwise (cf. § 170a). 

Chlorine and bromine react directlj’^ ^\^th ethjdene. If chlorine be 
mixed with eth\’lene and the mbeture exposed to light, drops of a 
colourless oily liquid, cth\deno chloride, ‘Dutch liquid, ’ are deposited. 
The original but now ob.solete name for ethylene — ‘olefiant gas’ — 
was taken from this property. 


CH, 

II + cu = 

CH, 

Tlu- preparation of ethjdene bromide 


CH,C1 

I 

CHjCl 
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CHjjBr 
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CH^Br 

bv passing ethylene into bromine is described m Expt. 48. 

^Hydrog^en chloride reacts hardly at aU vnth ethylene and lo’^ogen 
broi^de but slowly. Hydrogen iodide readUy forms ethyl mdide. 


CH 


CH 


3 


-f HI = 

CH 2 

Fuming sulphuric acid forms various producU with ethylene, chiet 
of which is ethyl hydrogen sulphate; 

CHj 

11 + HaSO* = 

CH2 CHvlISO. 

The latter reaction is'uaed in gas analysis for separatmg 
hydrocarbons from satnratcd hydrocarbons, ^vlnch are not aflccted 

""E°hyl!rl“iroC“ed by diluh. potassium permanganate 
and gives a dihydric alcohol, glycol. 

CHj+HaO CHgOII 


CH, + 0 

f*. ^ r- II Rr has been mentioned in 

169. Ethylene dibromide. conveniently 

Chapter IV, §00. Its preparation ih, boweve . 

described here^ Z)i6ro, mde.-Ethylcne 

flask (1 litre) is placed J q. in order to 

previously ,vhtch has its stem drawn to a 

point, „ porcelain <lish. The Woullf's bottle 

rotttr"a;"dthon’t 2 .^ e.;. of hrondno covered by about 
I cm. ‘IfPth of wa^r. thermometer reaches 210“ 

_220“*c''tlm a^Lhoi U allowed to drop in a little at a tiino^ 
The ethylene is bubbled through the brom.no unt.l the colour 
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of the latter has almost disappeared {ca. 4 hr.)> The ethylene 
bromide left in the wash bottles is purified by the method 
adopted for ethyl bromide in Expt. 7. 



Fio, 33. — Preparation of Ethylono Dibromirle. 

Properties . — Ethylene dibromide is a colourless liquid with a 
pleasant smell, boiling at 131*6® C. It is heavier than water (sp. gr. 
2*21 0®/4® C.), in which it is almost insoluble. 

Ethylene dibromide has most of the properties of a parafiln halide 
(§58). WTien heated with water under pressure to 150® — 160® C., 
or when boiled wdth dilute potassium carbonate it vields glycol 
(§ 188): 

CHa-Br CH^OH 

I + 2HaO = I + 2HBr. 

CHa-Br CH,OH 


The action of zinc gives ethylene [§ 168 (3)]. Alcoholic potash 
removes HBr and forms first vinyl bromide, then acetylene: 


CHjBr 

I -h KOII 

CHa-Br 

Cila 

II + KOH 
CHBr 


CHj 

= II 4-KBr-f-HaO. 

CHBr 

CH 

= 11! + KBr + H,0. 

CH 


The action of alcoholic pota-ssium c^’anide gives ethylene cyanide: 

CHa'Br CHaCN 

I -f 2KCN = I + 2KBr. 

CHjBr CH,CN 
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170. The Higher Olefine Hydrocarbons. — These may be prej^red 
by modifications of the same methods as are used for ethylene. They 
may also be prepared by the action of alcoholic potash on an alk>l 
halide. For example the action of alcoholic potassium hydroxide 
on propyl bromide gives propylene, 

CH, - CH, - CH,I + K0H-^CH3 - CH = CH^ + KI + H^O 

The yield of olefine is poor with primary halides but is much better 
witU^econdary or tertiary alkyl halides. The lugher members are 
liquids or solids but in their chemical properties they are very 

obtained by tbe action of .inc cbjocide or so., 
what "^uted sulphuric acid on commercial amyl alcohol. It has 
been nsed for making tcrti_ary a.y. alcoho..^^ 

tim “ctum Wdbetic rubber, ft is derived from acetylene 

or from butylene, present in cracking gas. 

170a Hydrogenation.— Almost every unsaturated compound can 
be made^o combine noth hydrogen an,l form the correspond, ng 

saturated compound: 

X-CH = CH-i'+ H, = X-CH,-Cn,-y 

This very important reaction may be brouglit about:- 

Hr 

into a mixturo ol tbo liquHi or u 'y\\Pi latter two 


UNSATUKATKD COMPOUNDS 

The .inyl and allyl 

°o.? ctl.;tt:.:”aj:t,.idered in Chapter XXIX, ndtb tbe 
terpenes from which they arc derived. 

?n othyleno r"plac-«i by « univalr-nt «o.in .yr Kr"'*!' 

H— C— A , ,,.ril = CH- iH rallr.l einy/. Vinyl hulbleti. 

II . The ratlicnl - nrOti2 

H— C — 11 

fluch as vin\ I chl<>rKn% 11 • 

CHo 
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CH(OH) 

C2II4, blit vinyl alcohol || does not exist, and all the reactions which 

cHo 

CHO 

might be expected to yield it give acetaldehyde j which is isomeric with it. 

CH 3 

Alcohols of tho tjTje R — CH = CH(OH) are not known, though many alcohols 
exist in which a double bond links carbon atoms which are not linked to 
hydroxyl, t.g., allyl alcohol, CH2 = CH - CH^OH. 

I’lnt/V hromidt, CH2 = CHBr, may be mode by the regulated action of 
alkalis on ethylene dibromide 


CHaBr 

I + KOH 
CHoBr. 


CH* 

II -I- KBr -f H5O. 
CHBr 


Vinyl plastics. Vinyl compounds have become industrially important as a 
source of flexible plastics. 


172. Allyl Compounds. — Several important compounds are 
derived from the radical — CH 2 — CH=CH8, known as allyl. Thus 
we have 


CH, 

1 

CHjBr 

1 

CH,OH 

1 

CHO 

1 

CH 

1 

CH 

II 

1 

CH 

II 

CH 

II 

11 

CH, 

II 

CII, 

II 

CH, 

II 

CH, 


Allyl l>rt.unido. Allj'l alcohoU Allyl aUlohyde 
{1 Vt>fiylent'). f Acrolein), 

CO *011 CH2““5 CHj 


CH CH CH 

II II II 

CH* CH, CH, etc. 

Acrylic ucid. Allyl sulphide 

(( h\ iif garlic), 

Tho naiin? I^ropcnj^l ia givon to tho isomeric ra<lical — CFI^CII — CH 3 , 
ProfH'iiyl coinfiouiuis arv' not hou'over of much importancH. 

173. Allyl Alcohol, CaHeO. — AUyl alcohol is usually made by the 
action of gly cerol on oxalic acid or formic acid at 220* C. A little 
aminoiiium chloride is usually added. 

It will be remembered that formic acid is made by the action of 
oxalic aciil on glycerol at about 100 — 110* C. In both reactions the 
first two stages are the same — the formation of glycerol mono- 
oxalate and its decomposition to glycerol monoformate. 

CII 4 OH) -CH(OH) -CH.-OII + 

= CH2(0H)-CHi0H)-CH,-HC,04-f- HjO 

iilycoryl inono-oxalat^. 

CIIjlOH) -ClICOH) -CHvO-CO-CO-OlI 

= CH 2 (On) -CH{OH) -CH; 0-CO H + CO, 

Glycorjd forraato. 
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CHvOH 


CH- OH 


CH2-OH 

= CH + H.O + CO,. 


CH,OCOH CHj 

Allyl nU*uli<*>l. 

Expt. -Preparation of AlUjl Alcohol.-A distilUng flask is 

connfcted to a Liebig condenser and rece.vcr. and j 

meter (0—360° C.) is bo arranged as to dip into tlie liqu 
contents In the flask are placed 200 g. of gljccrol, -lO o 
ro“v^ered crystallised oxalic acid and 0-5 g. of animon.nni 
chloride Thi mixture Is distilled slowly. The liquid distillin 

between 200° C. and 260° C. is collected. It is 
a small flask the portion boiling below lOo C. being collected. 

It is allowed' to stand first over P^^-^IurrSfrcd. Yield: 

:rour7 g“ Th': pr^luct may bo compared with ordinary 
alcohol and will be found to difler in its ready decolorisat.on 

Pmpe^’rOeT.^^AUyl alcohol is a j^'J^tlible wiUi 

unpleasant suffocating odour. It 

"‘^lyi alcohol has the “irtir am[ 

an unsaturated compound, liiu* • /onmlninl 'ind rtnallv 

H P-e the nyuroxyl 

group at the end of the chain of t.aibon a on CO OH 

CH^OH I 


CU 


CH 




CH 


, AlhlaM-l.v.C .VryiM a.-. 

Allyl .klcohf.l. '(A. n.l-..o. , , i , 

X • ,1 n nrimarv alcohol. Allyl alcohol 

The above reactioi^ are ''^'.^ound in its rt-actions witli hydrogen, 
behaves as an unsaturated cot i 

chlorine and bromine. ,nixe<l with hydrogen and 

When the vapour of “ alcohol i.s formed: 

passed over heated iin tallic ui - . 

CH./OH CILOH 


CH 


CIU 

A<Tvli<* 


(11 

11 

CH., 


_j_ oji = cn. 


CH 
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With bromine dibromopropyl alcohol is produced: 

CHjOH CH,-OH 

CH + Brj = CHBr 

II 

CH, CHjBr 

Expt. 60 . — Reactions of Allyl Alcohol. — (1) Note smell. 

(2) To 2 drops of aliyl alcohol add 2 o.c. acidified potassium dichromate 
solution. Warm. Acrolein is evolved with aa irritating odour of burnt fat. 

(3) To a drop of aUyl alcohol add bromine water, which is instantly 
decolorised. 

(4) Pour 1 0 . 0 . of allyl alcohol on a little powdered phosphorus penta- 
sulphide (if not available, see £xpt. 44). Heat. Note powerful odour of 
garlic, due to allyl sulphide. 

174. Allyl halides are not prepared by the methods adopted for 
the ethyl halides, for the allyl compounds are converted into propyl 
derivatives by halogens (except iodine) and hydrogen halides (except 
hydrogen chloride). Allyl iodide is made by the action of phosphorus 
and iodine on glycerol. 

175. Allyl sulphide, (C 3 H 5 ) 2 S, is an important substance as being 
the essential flavouring and odoriferous matter in onions and garhe. 
It can be made synthetically from allyl iodide and potassium 
sulphide (cf. § 154). 

170. Allyl tsothiocyanate, CgHg-NCS, is ot7 of mustard. Mustard 
seeds contain a glucoside (§273), sinigrin, wMch is apparently a 
compound of potassium hydrogen sulphate, glucose and allyl 
i5othioc3*anate. Thus the seeds do not contain free mustard oil. 
Wlien the seeds are crushed and moistened, an enzyme myrostn brings 
about the decomposition of the sinigrin, and the pungent oil is liberated: 

KS^NCioH^aOio = KHSO* + -f- CsHa NCS. 

Allyl mustard oil is a liquid of the strong odour and taste familiar 
in mustard. It raises blisters on the skin. 

‘Mustard gas’ is not a nixistard oil but Ls dichlorodicthyl sulphide 
(§ 155): the name was given to the substance on account of its 
rnustard-liko odour. 

177. Acrolein, Allyl aldehyde, CH 2 =CH-CHO. Acrolein is 
readily prepared by the action of heat upon glycerol. If glycerol is 
distilled unth anhydrous magnesium sulphate or potassium hydrogen 
sulphate, a good j’^ield is obtained: 

GHjOH CHO 

CHOH = CH + 2HjO. 

I II 

CHgOH CHj 

It ma 3 ’' also bo made b^' oxidising allj'l alcohol. 



OLEIC ACID 

Acrolein ie a colourless liquid of unpleasant and pungent odo^ 
Its vapour is painful to the eyes. Tiie unpleasant odour of burnt fat 
is duetto acrolein. The fat contains glycerol (§ 19L) and the decora- 
position of this yields acrolein. It is a volatile "“^starice 
*52® C It has the usual reactions of an ald(h\clo (§ ’ ‘ . 

Lose of arunsaturated compound. Oxidation converts .t mto 

acrylic acid: 

CHO COOH 


CH + O = CH 


CHa 

acrit'^^orrl.Jr eat. 

unsaturated compounds. Nascent n> uro^en i 

nipio Acid— A large number of unsaturated aciils are 
known buTthe only one of any considerable importance ,s oleic acid 
C,.H,.0,, which has the .structural forriiiila 

CH3-(CHa),-CH=ClI-(ClIi,)7-COjII. 

Oleic acid is important because Ss’‘'T;’! 7 '.,‘ol'ivTl‘il 

C 3 H,(C..H, 307 ) 3 . ia the child constlturmtrf 

almond oil, and is also cont , boilin" with caustic potash 

Oleic acid iB best ^oL^siu..^ oleato (§ 198). 

and 80 obtaining a Bolutioi ;,,<nhiblo lead oleato together 

Lead acetate 'J'he lead oleato is dissolved 

with the lead salts of other y insoluble. 

in ether in which the load acifl. giving lead 

The lead salt is then decomposed by hj d. ochior 

chloride and oleic acid. liquhl which fn^ezes 

It forms a colourle.ss, ta. to .. formin'' a yellow liquid 

below 14“ C, It is readily ox.disahle m 

of unpleasant rancid »' ' an.rriiicly divided metallic nickel. 

(§ 192) by the action of O-'^b " “ ,,y<lro,jen,Uion of oils, and is 
This important proces.s is known as me j j 

discussed in § 196. 

OTHER HVDKOCAKBO^^TAINIKG HOUBEE 

11 „.irrtrirbons Hiich as benzene, naphthalene. 
Many of the cyclic h> J ^bscussed in Part IE. 

etc., contain double linkages. I hi se are 
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Straight-chain hydrocarbons containing more than one double 
bond are known. An example of these which is of interest is isoprene 
CgHg, )9-methylbutadiene: 

CHj 

I 

CH3 = C-CH = CH,. 

180. Isoprene, CgHg. — This hydrocarbon can be made by 
distilling rubber, or synthetically. Its chief interest is that, on 
keeping, it polymerises to a mass identical in composition with and 
very closely resembling pure rubber Isopreno is commonly made 
from fusel-oil, isoAmyl alcohol (§ 51), by treatment with hydrogen 
chloride, chlorinating the product and treating with soda-lime 


CH3\ 


CH.CH,.CHoOH 


HCl CH 


CH 


'\ 


CH.CH,.CH,.C1 



lime 


2 


Isopreno when heated with sodium polynnerises to a mass of the 
s^nithetic rubber known as buna-rubber. 

Chloroprene, R-clilorbutadiene, pol^-merisos about 700 times as 
fast as isopreno, giving a rubber-like product which has advantages 
over natural rubber in that it does not perish through oxidation, is 
iiot perni<‘able to gases and is not dissolved or sw'clled bv petrol. It 
is made by polymerising acetylene by passing it over a calcium 
chloride and ammonia catalyst and treating the product with 
h><lrngen chloride. 


2IIC CH 


= C— C CH 

I 

H 


HCl 

CHa-CH— C=CHa 

Cl 


Several other of s\nthotic rubber arc in production, the 

most important being composed of molecules of butadiene and 
styrene linked together alternately. .S;,mthetic rubbers, alone or 
mixed W'ith natural rubber, are harder-wearing ancl more chemically 
resistant than the latter, though in normal times more costly. 
Isoprene is also to be regarded as the parent substance of the group 
of ter 2 )cnc.s, considered in Cliaptcr XXIX. 
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181. Ozonides.— The formation of an ozonide by ethylene has already been 
mentioned. All compoonda with ethylenic Unkn^-es >C = form ozonKle. 


0 o 

1 


o u 

\ J which are usually solid explosive rompound.s- When an 

/onid. i. hy\;.y,ed |t ^ 

“«°hexe„e would give an ozonido wl.icl, would breaU up into acetaMe. 
byde and butyraldehyde. 

O o 

CH 3 -CH = CH.CH,-CH,CH3 + O 3 = Cll3rH— '•1I-<H..C1VCM3. 

o o 

CHa-CH CU-CHa-CHa-CHa + + CMO CHa C'Uo Cila + HgOa. 

On the other hand. treated In this . ay . onld 

propionaldeliy<i©» ^ 

O O 


CHs-CH^ClI^CII-ClVCHa + <>3 = UI^CILCH 

O o 


CHCHafdl 


CHs-CHi-iH in-CHa'CHa + 1 0 + OH (> < ‘H.j CJ 1 3 + H.Oa. 

the acetylene series of hydrocarbons 

Onlifn-t , , . • 1 

. a ncfitvlene* which is made 

182. Structure ^ thf fortnnla C^H,. For reason 

from calcium carbide ^ adoption of the formula 

similar to those which „ (’=C-H has been given 

H,C=CH. for ethylene, the formula H ll i 

to acetylene. . . u n — C=C— show the phenomena 

Compounds contaimng e group containing the 

of unsaturation even ™ore dc6m y unsaturated 

double bond -C=C--, ana m 

character they are market y Hydrocarbons. — The 

183. Nomenclal^e o« 

;rZ“:rbon wit./tbo »b.e 

bfiuta “rtbirsysbutn. T.io po»Ribn of tho fHp.e 
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linkage ia indicated by a number or a Greek letter. The only 
hydrocarbon of importance containing a triple linkage is acetylene 
itself. 

184. Acetylene* Ethinet C 2 H 2 . — PrepaTatxon. — (1) Acetylene has 
been synthesised by striking an electric arc between carbon poles in 
an atmosphere of hydrogen; it is also formed when hydrocarbons 
bum in a poor supply of air. The smell of acetylene is readily 
perceptible when a Bunsen burner "strikes back’ and the gas burns 
in the tube. 

(2) The method ordinarily employed is the action of water upon 
calcium carbide, CaC 2 - The latter substance is made by heating 
coke and lime in an electric furnace: 


CaO + 3C = CaCa + CO 
CaCa-f2HaO = Ca(OH), + CjH,. 


These reactions aHord us one of the few methods available for 
making organic compounds directly from carbon. 

In the laboratory the apparatus shown in Fig. 34 is conveniently 
used. A layer of sand is placed on the bottom of a conical flask and 
on this rest lumps of calcium carbide. Water is allowed to drip 
8 iowl 3 ’ on to this, and acetylene, contaminated with a little phos- 
phine, h^'drogen sulphide, etc., is evolved. It may be washed with 
an acid solution of cupric sulphate, which removes both of the above 

impurities. Though somewhat soluble, the 
gas may be collected over water. 

On the commercial scale acetylene is also 
prepared from calcium carbide, but more 
elaborate generators are emploj'ed in 
which the carbide falls into a large excess 
of water, or in which the water rises to 
meet the carbide (as in a Kipp’s apparatus). 
The impurities are remov^ by various 
purifying agents, such as acidifled copper 
salts, hypochlorites, etc. 



Flo. 3-J. — Preparation 
of Acetylene. 


(3) Acetj'len© can also be made by 
the action of alcoholic potash on ethylene dibromide: 


CHjBr CH 

I + 2KOH = 111 -f 2KBr + 2H,0. 

CHjBr CH 


I hysiail Properties . — Acetylene is a colourless gas, which when 
nipure has a strong and unpleasant garlic-like smell. When the gas 
is purified the smell becomes lees objectionable. It is somewhat 
poisonous and has been used as an anajsthetio. 
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Acetylene is liquefied without difficulty by cooling and pressure. 
The Uquid is explosive (e. supra) and the Uquefied gas cannot be 
stored safely. For storage it is dissolved under pressure m acetone, 
which is contained in steel cylinders packed witli porous matcri, 1. 
Chemical Froperfiea.-Acetylene is an 

cnles of carbon and hydrogen of which it .s 

it is very easUy decomposed and very reactive. Thus the violent 
shock bTongtrabout by exploding silver fulminate m the gas is 
enough to flse its decomposition. The liquid or the compressed 
eaa U stiU more readily decomposed and several dangerous explosions 
^ve resuird from their use. The violence of tjie explosmn is only 
due to the beat energy Uberated and not to volume change. 

C,H, = 2C + H, + 56,000 cals. 


I vol. 


1 vol 


rT”?r- c''ri.r;s : 

ethane, benzene, etc., are , bright and smoky 

air. In this way the carbon la coinpl^tclj 

and no smoke iB evolved. oxy-acetyleno 

IndustrmUy. mueli blowpipe is so constructed that 

blowpipe for welding, ibis t>i .fases in such a way as to 

it ie easy to regulate the supply o interior has an excess of 

obtain an intensely hot llame. '' ‘‘‘"‘V ' V ' valuable 

acetylene and therefore jt is also an important 

property for the purpose vinyl compounds. 

source of organic ,,ith liv<lrogen, the halogens, 

etc. Acetylene combines ah > forininu both (I) ethyleno 

hydrogen halides, oxidising agents, etc., forming t ; 

and (II) ethyl compounds: 


H 


11 


II 


H 


4- AB = 


C 


C— A 

Lit 


C 


A— C— A 


-j- UAli = 


C 


B— f>-B 


H 


H 


II 


11 


II. 


I. 
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When a mixture of acetylene and hydrogen is passed through a 
heated tube containing certain finely divided metals (nickel, copper 
iron, etc.) it is reduced to ethylene, ethane, and other hydrocarbons: 

CH CHg CH CH3 

111 II , III +2H3= I 

CH CH2 CH CH3 

A mixture of chlorine and acetylene ignites spontaneously, often 
^vith explosion, hydrogen chloride and carbon being produced. 

With bromine acetylene combines less vigorously. When acetylene 
is passed into bromine water, the compound acetylene dibromide is 
produced. 

CH CHBr 

111 + Bra = II 

CH CHBr 

W iu n acetylene is passed into bromine the main product is acetylene 
titial)rnmidr; 

CH CHBra 

111 + 2Br3 = I 

CH CHBra 

W'itli l»_>(.lrobromic acid it form.s vinyl bromide: 

CH CHg 

11 ! -r HBr = || 

CH CHBr 



witli li\ drio<Uc acivl it forms ethylidene iodide: 


( a CH3 

!i + 2HI I 

CH CHIj 

Acctyli tu* conibincs directly with water in presence of mercuric salts 
forming acetaldehyde § 07, and Expt. 10): 


CH CH 3 

+ H,0 = I 

C’H CHO 


The (c>ni[)ounds of acetylene with the metals are of interest. 
W hen it i-i ]»ass«’d into an ammoniacal solution of cuprous chloritle. a 
red precipitate of cui)rous ucetylide is produced: 

Cu.Cl, + C.dH -f H.O = CusCa-H.O + 2HC1. 


d’ho formation of this red precipitate affords a useful test for 
acetylene. .Silver produces a yellowish-white precipitate of a similar 
st ruef urc. 
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These acetyUdes, when dry, explode if struck or heated. When 
treated with dilute acids they evolve acetylene once more, and this 
reaction has been used for preparing pure 

acetvUde seems to be formed when acetylene remains m contact u ith 
copper or brass and moisture for long periods. Several explosions 
wWch have occurred when old acetylene generators ^een broken 

up have been attributed to the formation ot this substance. 


CH 

p"iS.jS.euorit bciirs little or no resen.lilunco tu benteno 5 SSS| 
wklTei:ion1.‘'u has ’tbe’ properties of nn,l .... acetylene bydro- 

Derivatives o£ the Acetylene Hy;^oc«bo^ -Aie....;.s. -bi. 

derived from acetylene and its their chaiucteristic grou[.s 

ficroU, acids, etc.). As examples we may moutnm 


Cila OH 

i 


COOH 

i 


CH 

I’rojmrgyl alcohol. 
They have no practical iin{»ortaiico. 


CH 

I’ropiohe acid 


OlJKSTlOsSS 



:;;::Ml^&Kra:‘::;:eofthe ,thyleno. now wooUl 

(4) Describe the pn*j>ar.itioii o /•») ueotvleoe? 

you distinguish your pro. uct Jr'’"! < . vi.l.-nc, is there (1) that it contains a 

double linkage; (2) that •'‘’''V“v'^^wimt are it.s most important choimcul 

(0) How iH pure acetyl.-no mu.le^ 

’’T-rrcCrro'-lb,,' r-nct,..,.., of elbun... ethyl nwl acetylene ...lb t 

common noii-inotallic eluments. n.m.ul.i r- aets with brommo 

(8) Li»nonfUJo. a cyclic hy<ln.yir . hroioi-h- containing 7()-2 per cent_ 

without evolution of HHr un* present ifi a molet ule <>f hmonenc* . 

bromine. How many etbyleme hitro-hieii.u. {/>) removing double or 

(0) What motbods arc avuilabi ^ ,„.,y tli.' number and positions 

treble lirikagoH in an organMi <^^’"*1’ ' 
of such linkages bo Hseertain<-> 
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POLYHYDRIC ALCOHOLS 

187. List and Noznenclatme. — In addition to the alcohols contain- 
ing one hydroxyl group and already discussed in Chapter III and 
§§ 33-53, compounds are known which contain from two to six 
hydroxyl groups substituted in a para ffin hydrocarbon residue. 
These are called polyhydric alcohols. As examples we may mention. 


CH20H 

CH2OH 

CHg-OH 

1 

CHa-OH 

CHa-OH 

CH20H 

j 

CHOH 

1 

CHOH 

CH-OH 

1 

CHOH 


1 

CHa-OH 

CHOH 

CHOH 

CH-OH 



CHvOH 

«■ 

CH-OH 

CH-OH 




j 

CH,‘OH 

at 

CH-OH 

1 





1 

CHa-OH 

Glycol, 

Glycerol. 

Erythritol. 

Arabitol. 

Maimitol. 


The most important of these is the second, glycerol. 

'I Iic pxamploa given oil have special narm-s, but systematic names are also 
given, liasecl on the hydrocarbon from which they are derived, with numbers 
showing the positions of the hydroxyl groups, and prefix showing number of 
hydroxyl groups and the termination -o/, denoting an alcohol. Tlius the 
compound 

called butane-1 : 2-diol. 


DIHVDRIC ALCOHOLS 

Ihe only dih 3 ’dric alcohol which need be considered here is 

CH^OH 

etljylene glj^col or ethanediol, [ 

CHa-OH 

CHj-OH 

188. Glycol, Ethylene Glycol, Ethanediol, | • — Preparation—^ 

CH 3 OH 


196 
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Glycol is made in the laboratory by the action of water or alhalme 
solutions on ethylene dibromide (§ 169). 

CH2-Br CH 2 OH 

I + 2H2O ^ I + 2 HBr. 

CHa-Br CHa-OH 

The action is slow, and a more rapid method is to treat the tbbroinule 
with sUver acetate and hydrolyse the di-cster ^^^th alkali under a 

reflux condenser. 

CH2— Br _ CH2— OCOCH3 

AgAc 


CH,-OH 


NaOH 
>- 


CH,— Br 


CH.on. 


CHj— OCOCH 3 

Ethylene bromide is heated under a rcdux condenser with a 14 p. ■ 

cent solution of potassium carbonate. When the rcact.on 

the solution is slowly ovapora^d a..d sbahen 

aleohol and ether in which glycol >s .soluble. 1 he sohents 

distilled off. leaving the glycol. tn C in a 

Alternatively the ethylene bromide may be heatc< to 100 C. n a 
se^ tube with a considerable excess of water tor a long pcr.od (hrt 

or from ,‘^hcTnutn^^^^^ Ethylcm. chlorohydri.. 

unlike the monohydne alcohols. It . , t-mto Its boilin'' 

Uquid of a sy^py 

^;rr:^^it H dissolves ... alcohol hut hardly at a„ ... 

"'cLmical Properara.-Glycol rcsc.blcs the onlinary ...ouohydrio 

alcohols in most of its proi»ertica. hv«lroxvl eroups 

Acids convert it into esters, e.thor one ‘ ‘ 

being replaced. Thus hydrocblor.c 

drin and then at higher temperatures ethylene du Ido. ule. 


CH,OH 


cii,a 


4- HCI 


+ lL/> 


CHjOH 
CHa'Cl 


CH3OH 

CH ,Cl 


+ HCI 


CH,OH 


CH,C1 


d- lIjO. 
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In tho same way a mono-acetate and di-acetate can be made. 
When it is treated with sodium, sodium glycols, exactly analogous 
to sodium ethoxide (§ 42), are formed. 

Oxidation proceeds in the same way as with the monohydric 
alcohols, aldehydes and then acids being formed. But since each 
— CHg-OH group can be oxidised separately five different compounds 
can be formed. The scheme below shows the oxidation products, 
and gives references to the paragraph of this book in which they are 
considered. 


CHgOH 

I 

CHa-OH 


CHO 


CHjOH 
GJyooUio uldchytlo 
(§ 190). 


COOH 


CHO 

I 

CHO 

Glvoxal 

(§ ioo)* 


COOH 


COOH 

Oxalic acid 
(§ 207). 

/ 

COOH 


CH3OH 

UlvooUic or 
Hydroxy -acetic ocici 


CHO 

GJyoxylic 
ai'id 
(§ 2o3). 


The action of some dehydrating agents (c.g'., zinc chloride) converts 
glycol into acetaldehyde. Possibly an unsaturated alcohol is first 
formed: 


CHoOH 


CHoOH 


CH 


+ H 3 O 


CH-OH 


CH, 


CHO 


+ HjO. 


189. Structure ol Glycol. — Tliat gl3’col has the formula 


CHjOH 


CHgOH 


ia clear (1) from its reaction with phosphorus trichloride to form 

CllgCI 


etliylene diehlorido 


, (2) from its oxidation to hydroxyacetic 


CHj-Cl 


CU3OH 


acid, which ia aho^^^l to be | its formation from chloro- 

CO OU 

CHa-a 

acetic acid | , obtained from acetic acid and chlorine. 

COOH 


190. Derivatives of Glycol. — aiiicolcMorohydrin, no CHa-CHa-Cl, also 

known as cthylono ciilorohydrin, Lh niadt« by passing hydrogen chloride gas into 
warm gl\ cuh It is a liquid boiling at 130® C, 
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In addition to having the reactions both of a halide and of an alcohol, it can 

wi'th ca„st;c potash 

aoSn et^yTote o.ido is fv^olved and may be oondenaed to a hqu.d bo.bng at 
13-6“ C: „ ^ 

CH 2 OH ^ ^ ®j\o + KCl + HgO. 

CH 2 CI H^C/ 

It is a reactive substance. With water, it slowly forms glycol: 

CH 2 . CHa-OH 

I \0 + H 2 O *> 

cny CH2OH 

and with hydrochloric acid it gives the clJorohydrin. 

Oiycoiiic A/daiiW.. . When glycol is gently oxidised, glycollic aldehyde 

CH 2 OII 

is first formed. It i. a liquid which has tho properties of au ai.iehydo and an 

alcohol* 

Olyoxal, . is fhi-med wl.en acetaldehyde, ethylene or ethyl alcohol is 


^HO 


gently oxidised by mean, of seleniu.n dioxide. It U a y.^mvish-green gas nhieh 

^ I Clio ' 

polymerisea almost at once to a liquid trimeric form 


1 


Clio 


Glyoxal U of 


interest as being the .i.nple.st enloured compound of ca. hon. i.ydrogen and 
oxygen. 

Clla-C •= N O oximo of ‘diinothylglyoxfil/ 

DimeihyUjhjoxime. CH = N OU ' 

* 1 rMi .f *<)*CO*Cl I t It ie pr<*pured by oxiili^inc 

'^CH 3 -cn 2 CO CH 3 -> CH 3 -C-CO CU 3 ^ cn^-c— C-CH 3 

NOH 


N Oil N OU 


• • »«T.* ns. .1 rcuiient for nickel suits, with which it 

Dimethylglyoxuno i.s important os a rcug 

givoe a Bcarlct procipittiU?- 

Glycol ainU.a,..T^‘ ll\ attained some importance as an expiosive. 

It is obtained by <.i nitric 

to ‘nitroglycorino* (q.v. § 202). but • cr,„Kidor.-d (§ lOU). From them it >s 

Th€ ethylene difuihdes have . wJii< h may ho regarded as derivatives 

possible to prenuro numerous compounds w hi<.n y 

of glycoljnotally the d.ammrs. ^„„taining two amino-groups. Many 

191. The diamines uro compoumis ^ 

of them are?o^d in the product.^ of animal putrefaction. 

El^yUnc^la.clr.T^l";'. 

ethylene dibromido (cf. § 120). It is a liquhl boiling at 123“ C. It hae the 
properties of a primary ammo. 
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CH2 — CHo — NH2 

TeiramtthyUntdxannntt I , haa been made by converting 

CH2 — CH2 — NHg 

ethylene bromide into ethylene cyanide (cf* § 144 )» and reducing tbid with 
eodiiun and alcohol: 

CH- Br 
CHg-Br 

It contained in putrefying flesh, as is also pentamethylenediaminCf 
NH2*CHo-CH 2*CH2'CH2*CH2*NH2* These and similar compounds are called 
ptomaines (rrri^a, plonta^ a corpse). They arise from the action of bacteria on 
some of the arninoacids, of which the complex protein molecules of the body 
are built up. Thus lysine can lose carbon dioxide and form peutamethylene 
diamine 

NIIo CHvCU. CHa-CHg CHfNHlaCO-OH - 

NHgCHg-CHgCHsCHgCHoNHg + COa* 

They are not for the moat part very poisonous, and the 8 o*caIled ptomaine 
poisoning which foUowa the eating of bad tinned meat, eto«, is caused by other 
f>oUunous bacterial products. 



CHo CN Qtr CHo CHfi-NHt 

I x„ 

CHg CN C^ CHa'NHj 


GLYCEROL, OILS, FATS AND SOAPS 

Since glycerol is an essential constituent of and is chiefly made 
from fixed oils and fata, it is necessary to understand the nature of 
these important substances before considering the preparation and 
properties of glycerol. 

192. Fixed Oils and Fats. — Fixed oils* and fats occur in the great 
majority of living organisms. The most notable sources are: 

(1) ^ectls of plarits from which are derived such important oils as 
linseed oil, tnng oil, cotton-seed oil, olive oil, castor oil, palm oil, 
l oconul oil, cocoa-butter, etc. 

(2) l’issue-3 of Animals. — From marine animals oils of many kinds 
are derived, c.c^., fish oils, cod-liver oil, and most important, whale 
nil. From terrestrial animals solid fats are derived, notably lard, 
t.i How, butter, etc. 

.Ml tlu.’sc substances have in common the property of being con- 
vci tod by the action of alJralis into glycerol and a soap, i.e., the salt 
of ail organic acid, usuallj' of high molecular weight. This makes it 
' Icar that oils and fats are esters of the alcohol glycerol. 

CH,OH 

Glycerol can be shown (§ 200) to have the constitution CH*OH 

CHa-OH 

^ As dUtin^ui^htHi from 'e^^sentia] oil^* (eators and tarpon os), also from 
mineral oilB(hycLrucarborisJ. 
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crijl 

and oils and fats therefore have the constitution CH-A where A is 

CHa-A 


an organic acid radical. r .. n *1 

Thus tristearin, one of the chief constituents of beef tallow, is the 

glyceryl ester of stearic acid C.^Has-CO-OH, and has the formula: 

CHa-OCOCuHas 


CHOCOC17H36 


CHa-OCOC^Haa- 

In addition to the usual term tri-stearin. this fat may be called 

glyceryl tri-stearate OT the tri-glyceride o/slearicaetd. 

ThT three acid radical, attached to tl>e slycoryl rachcal ncc.l not 
be identical. Thus di-palmito-stearin is a common corl^,tltuent of 

CILOCO-C.jHai 


CHOCOC,t.lIai 


CHaOCOCi,!!^, 

Diimlinitostearin. 

The fats, then, are compounds of glycerol and 
acids. These may be fatty aci.ls or nnsaturated acnls. ^ ® blycondcs 
of saturated acids are chiefly found m sohd f'ds. ' « tho- o 

unsaturated acids are chiefly found m ofls. 

fully explained, is that the acids conta.no.l u. these fats alnays have 
an even number of carbon atoms. 

CinEF CoMPOtTNDS CONTAIKEU IN OlI.S AND FaTS 


Faity acids 


UnsaturaUd acids 
xuith one double 
b<md 4 

UnsaiuraU/l acids 
with more than 
one double b<nui. 


Olyueridos of 

I>auric acid 
Palmitic acid 
Stoiiric a<*id 

C„H3,C(),M 

Oloio acid 

Ci^lTas-COall 

Erucic acid 


Linolc-ic a^ id 
I-,ino)c?nic aci l 

(.',7H,iCo..n 


(‘hifflv fount! in 


(Jort iriut «>il. 
Solid iiriimni 


•• 




• V 


Olivo oil and Ino.^t otlu^r 
oil.'< iir^cl rtoft fats. 
Hapo oil, lish oils. 

r.inM<^<*<l <»il- 
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193. Waxes. — ^The waxes are a group of substances somewhat 
resembling the fate in physical properties. Their chief constituents 
are esters of the higher fatty acids with alcohols of high molecular 
weight. Thus beeswax contains a large proportion of the ester 
myricyl palmitate, C8oHei*0’CO-Ci5H3i. 

Spermaceti, obtained from the head of the sperm whale, is mainly 

cetyl palmitate, CiaHss'O-CO'CigHai. 

Waxes are obtained from many plants and are of much use in 

making polishes, etc. 

The waxes then are eaters of higher primary alcohols, while the 
fats are esters of glycerol. 

194. Extraction oi Oils and Fats. — ^The sources, composition and 
uses of some of the most important oils and fats are described in the 
table given below. The composition of oils and fats is usually 
complex, 80 that the third column is only an indication of the chief 
gl 3 'cerides present. 


Important Oils and Fats 


1 

Oil or F at. j 

1 

1 

•Source. i 

1 

Chief Constituent:' 
are Glycerides of 

Uses. 

Linseed « 

Seed of flax. 

Linnienic acid 
(uiisnt.) 

Paint.vewniflh, linoleum. 

CottonBeod , 1 

1 

Seeds of cotton 
plant. 

P, O, Linoloic acid 
(unjjat.) 

Food, soap. 

Arachis . | 

Ground nuts. 

O, Aracliidic acid 

Food. soap. 

Olivo . . , 

Olives. 

' o 

Food, soap, lubricant. 

Cocoa-butt»‘r | 


i S, O, L, M. oto. 

Chocolate. 

I’alin . . i 

Oil-palm 

kernels. 

1 o, S, P, M, L, etc. 

Candles, soap. 

Coconut 

Copra. 

i M, L* etc. 

1 Food, soap, candles. 

C'ud-liver 

Liver of codfish. 

1 

! S, O, M* P» and 
others. 

i Medicine, leather. 

1 

k 

Whole . 

Rlubher of 
whale. 

P, Cliipauodonic 
acid (iinsat.). 

! Btiming, soap, hydro- 
1 gonation for marga- 
' rino. 

Lard 

Kidney fat of 

1 

1 o, S, P 

1 

1 Food. soap. 

1 

1 

Talluvr . 

Fat of hoof and 
mutton. 

s. O. P 

1 

1 Food, soap, candles. 

liutter . 

{ Milk fat. 

1 

1 

1 P, O, Butyric acid, 
etc. 

Food. 


O = Ulcic acid (\insat.). P =» Palmitic ocid. 

L = Laurie acid. S = Stearic acid. 

M = Myristic ooifl. 


Tlie oils and fats in an animal or plant tissue are contained in cells 
which prevent their escape. The \ arious methods of extraction are 
designed to hi caU the cell wall and cause the oil (or melted fat) to 
cxxkIo. 
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Oil-seeds are commonly ground to a rough meal, packed in linen 
bags and subjected to a pressure of 300 atmospheres or more in 
hydraulic presses. The best oil exudes at this stage, but a further 
yield of second-quality oil is obtained by heating the residue and 
again pressing it. More oil exudes and a ‘cake’ is left which is often 

used for feeding cattle. , ^ t. 

The ‘cake’ retains some oil which may be extracted \\nth a solvent. 

Animal fats are usuaUy obtained by ‘rendering.’ The fatty tissues 
are chopped into Uttle pieces and boiled with water. The fat melts 
and floats to the top of the water while the membranous portions 

195. Millf and butter are exceptional in character. Jlilk consists 
of minute globules of fat suspended in a watery solution contaimng 
proteins (casein), salts, etc. When this is violently agitated, as in a 



ENCLOSING MEMBRANE OF CELL 

\- GLOBULE OF LIQUID FAT. 

li ) 


■ ; NUCLEUS. 

protoplasmic cell contents. 

Fio. 3r).— Fut Coll. diu;;rainii.atie. 

churn, tho globules of fat arc brought into eoutact n.ul form b.itter. 

The watery solutio.i is pressed Irom the bit as far as 

The fat of butter contains ehielly the glycen.ies of palmitic and 
oloio acid. It differs from other fats in containmg a proportion of the 
glyceride of butyric acid, C,ll, CO,H. Tlie gem.meness of hutUr s 
fommonly tested by tlie Kcichcrt-Woll.iey 
in converting a known weight of it into a soap by ^ 

caustic soda and distilling this soap with dilute “ 

^ . .1 .v/i fitrntfMl wlulo non-vol<\tuc acids oi 

behind. Adeneieney of butyric acid is 

--- 

as nearly aa possible. A fat is prepared wlneh may contain some 2o 

per cent HL'imrcd miirnarcf°'lly°sm’ired to 

rrb“mtT:ii/'vioie.,tiy churned w>t>-i.e meited fab 
The emulsion is »^'J-ly ^ooied aj.a -rimd^iik huttcr^^ 

“hl":rhuurr^m:ims vitamms have been added. 
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196. Properties and Uses of Fats and Oils. — Physical Properties . — 
Mixtures of glycerides which are liquid below 20® C. are called oils, 
and those solid above 20® C. are called fats. Oils and fats are usually 
light-coloured, and are colourless or white when pure. The oils and 
fats derived from saturated acids are tasteless; the characteristic 
flavours of fats being due, as a rule, to volatile non-fatty substances. 
Their melting points range from about 50® C. downwards but no 
natural oil or fat has a sharp melting point, for all are complex 
mixtures. None of them boils without decomposition at atmospheric 
j)res8ure. They maj% however, be distilled in vacuo. 

Fats and oils are insoluble in water, but soluble in all ordinary 
organic solvents. Ether is much used in the laboratory as a solvent 
for fats. For dry-cleaning, which depends mainly on the removal of 
oils and fats, carbon tetrachloride or ligroin (petroleum ether) is 
used. 

Chemirol Properties. — When heated to about 300® C. oils and fats 
decoinpo.se, giving off irritating vapours which contain acrolein 

(§ I'")- 

The oils containing unsaturated acids, e.g., linseed oil, are slowly 
o.\i<li.sed in air and become converted into hard waterproof sub- 
stanco.s. 'fhese oil.-^ are valuable as a basis for paints. Compounds of 
certain metals, notably the borates of lead and manganese, catalyse 
the oxidation and are added to paints as driers. 

In j>re.senco of nioi-sture the fats are slowly decomposed, chiefly by 
the a«jtion of bacteria, which, like the animal digestive system, 
produce suVifjtances, h'pa.s?.?, capable of catalysing the hydrolysis of 
I'at'^. (llvcerol and free acids are produced and an unpleasant ‘rancid’ 
taste develops. 

'The fats containing unaaturated acids may be reduced to the 
saturated condition by the action of hydrogen in presence of metallic 
nickel. Unsaturated oils for which there may be no great demand 
and oils u hich are inotliblo on account of their unpleasant odour, may 
he thus eonvort<‘tl into hard fats useful for margarine manufacture, 
rite oil is mixed with finelv divided metallic nickel and heated to 
l it) 200 *’ C. llyrlrogen is passed through it and converts the 
douhie linkages into single ones: 

- CH = Cll - . . . + Hj = . . . - CHj - CH, - 

'I'hc^ niclo-l is recovered by filtration. 

The action of water at high temperatures, of mineral acids and of 
alkalis hy<iroly.se.s fats (§ 197) to glycerol and acids. If tho hydro- 
l\sis is carried out by boiling with alkali, tho acids so produced 
react with it to form soaps. This process is of enormous industrial 
importance. 
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197. Saponification of Fats.— a chomical term 
is used to denote the hj^drolysis of any ester to an alcohol and a fatty 
acid or its salt. The term is derived from the Latin soap, an 

was originally appUed to the conversion of a fixed oil or at 
(ester of glycerol) into glycerol and a soap (salt of one of the highe 

“soiys.-The soaps are the salts of certain orpanio acids of l.ijrh 
molecular weight. While soaps can be uiadc from any metal, t 
Td^um an, r potassium salts are the only soluhle ones and ^refore 

the only soaps useful for washing purposes. ‘ f 

constitute hard soap and the potass.u.n salts "“P 

fats used in the manufacture of soap are coconut, “‘‘j; “ >'* 

and various animal fats. The soaps prepare,! 

mixtures containing sodium lanrate, pahnitate, ste.irate, oleate, 

'^The value of soaps for clean.sing purpose.s ,h.pcn,ls - ‘> 3 ™^ 
character of their solutions. A solut.on of a “"P “ 
between a colloid and a cry.stallosi an, "PP^r’ ^ 

aggregates of ions asso.-iat«l as ^ „„riace tension. 

Its cleansing power seem.s to ‘ 1 a|,,o to the 

which enables it to Nvet greasy bUilaccs. an i ^ 
formation of a 'cnUoidal adsorption compoun.l u.th the 

is thus kept suspended in soluUon 

The stearates, palmltates ^ however, liave 

soluble and therefore usele.ss lor uasliin,.. • ' , . hy 

found certain uses. U-ad ..laster, 

heating oil with finely divide ia< M,v'ncsiiiiii oleate is 

adhesive mass, used as a plaster n ,,,,,, „i,ig. Its 

dissolved in the influrimiablo 'J' of statical 

relatively good thert-^ <lo.;s away with the 

electricity induced by fnctio electric spark. Other 

danger of the solvent bemg ignited by nn tU ctn i 

meUllic soaps are used in varmshes^ „K-tho.is are in use. of 

198. Manufacture of Soap.— ihrcc 

which only one can here be coiihu ' fatty acid by means of 

(1) Fats are hydrolysed to acids 

steam in presence of a catalyst (lime Uc^ • 

are then run into a strong solution of alkali. 

P H rO-CO C H3d3 + 3H,0 = C3H,(0II)3 + 3C,,H3 i C03H 
C 3 HJO 00 U, 6 « 3 d 8 -r * CO^Na+HaO. 

CiftHai-COgH + NaOlI = 0151131 -^ 2 

(2) Coconut to convert 

ete^- "■ 
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The resulting soap contains the glycerol, which in this process cannot 
be recovered. The following equation for the process 

CsH 6 (CiiH„COO )3 + 3NaOH = SCuHaaCO^Na + CaH 5 {OH )3 

represents coconut oil as the glyceride of lauric acid — one of its chief 
constituents. Soft soaps are made from caustic potash and fats by a 
similar process, though in this case boiling for a considerable time is 
required. Soft soap sets to a jelly and does not crystallise or form a 
true solid. 

(3) The most important process consists of saponifying the fat with 
weak alkali, precipitating the soap with salt, dra^ring off the lyes 
containing the gl 3 ’cerol and boiling the soap once more with some 
strong caustic soda. 

(i) The melted fats are run into a pan capable of holding 10 — 30 tons 
of material and a solution of 10 per cent, caustic soda is added. The 
mixture is boiled and agitated by means of steam, more alkali being 
added from time to time: 

C3H6{0 C0 C„H3,)3 + 3NaOH = C3H6(OH)3 -f- SCiTHa. COaNa, 

(ii) The resulting mixture is boiled and salt is added. Soap, being 
insoluble in salt solution, separates and floats to the surface os a 
granular ourdj^ mass. The remaining liquor, a solution of salt and 
glycerol, is drawn off, and the glj'cerol recovered from it (§ 199). 

(iii) The separated soap still contains some fat and it is boiled with 
successive portions of strong caustic soda solution till saponification 
is complete. Tlie soap, which is insoluble in cold concentrated alkalis, 
is thtm alloweil to rise to the surface of the liquid. It ma^' bo used in 
tills cotidition for household purposes, etc. If toilet soap is required, 
it is partly dried, mixed with colours, perfumes, gl^’cerol, etc., and 
.stamped into tablets. 

Ex}'t. 51. — Preparation of Soap. — Weigh out 30 g. of lard, 
melt it in a large evaporating dish and add 60 c.c. of 10 per cent, 
caii.stie soda solution. Heat on a sand traj’, stirring well and 
boiling gently. Replenish the water evaporated and continue 
the heating till all the melted fat has disappeared. Pour the 
resulting solution into a beaker and add an equal volume of 
saturated salt solution. The soap will separate and form a cake 
on the surface of the liquiil. 

199. Manufacture of Glycerol. — (1) Maniijut turc of Glycerol from 
Soap‘h/rs . — The spent lyes obtained in soap manufacture contain 
— 5 i)(*r cent, of glycerol together with some salt. They are simply 
concentrated by evaponition ii\ a vacuum pan until they contain 
some 80 per cent of glycerol. Gl^’ccrol decomposes below its boiling 
point under atrnosj>horic pressure. The liquors are therefore distilled 
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under ereatly reduced pressure (3-5 mm. of Hg) in a current of 
aulrhe^ted steam. The glycerol so obtained is pure enough for 
d 3 ^amite manufacture (§ 202) but for chemical and pharmaceutical 

Candle fndaahy.-Candles are made from 

water and a catalyst (Umo, Bulphuric acid, j i 3 

The fat separates into fatty acids and a solution of g > 

concentrated and purihed ^ fermented in presence of 

(3) Ghjcerol by Fermentation. — If sugar is u clvcerol 

certain salts, e.g., sodium eulphite, ^ of p, 1^1918, 

(§ 301a). The process was used by (.erinan> tb 

when flhorUge of fats became acmte^ Glycerol.— Olvccrol may be 

syn^h“;.rdT re%rrg‘'“l^" -^onstmte i.s 

composition. CH, 

J... . L ('hci 


CH 


CH 


H 


CO 


CH OH 


CH, 

Ac«'ton«. 


CH, 

ttfo Propyl 
lill'ullOl. 


('Ha 

ioill* i«'. 


cii? 

I'copN 1» tu' 


CHa-Cl 

l‘rc»|»N llMiO 
<iichlon<io; 



ClUCl 


CIU OH 


CH Cl 


HsjOdTl)^ (••) pipoJI 


CHo'Cl ^ ^ 

1 • 1 » : 3 -'l'nrlil<ir<>i-r<.i»»inf. 4 .l><.<rol. i o 

201. Properties of Glycerol. / ^ suci t taste, 

viscous colourless liqui.l- It is „.|,u:h melt at 20° It 

Glycerol BoUdifies, on cooling, ■ distilled 

boils at 290° C. with decomposition (y. J ) 

satisfactorily at much proportions but it is in- 

soluble in ether. I*" is distilled it partly hretdcs 

Chemical ProperUe.s --\\ > ^f aehydraling agents (c.,.. 

up, giving some acrolein. I I ^ position is complete: 

potassium hydrogen sulphate) the aerou i 
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CHjOH CHO 

I I 

CHOH = CH + 2H2O. 

I II 

CH2OH CH3 

Glycerol is an alcohol and can therefore form esters. The esters of 
glycerol with the higher fatty and other organic acids are the fats and 
have already been discussed (§ 192). Esters are also formed with 
sulphuric, phosphoric, and nitric acids. Glyceryl trinitrate, in- 
correctly known as nitroglycerin, is a most important explosive and 
is discussed in § 202 below. 

Gl^’^cerol also forms ethers such as triethylin: 

CHa-OCaHj 

CH-OCaHj 

I 0 

CH2'0*C2H5. 

The oxidati'jn of glycerol forms a variety of products os shown 
below: 


('HyOH 

CHoOH 

COOH 

COOH 

1 

1 

CHOU 

1 

CHOU 

CHOH - 

1 

> CO 

1 

CHoOII 

COOH 

COOH 

COOH 


(•lycorie iu*i<l. 

Tartronic acici 
(§ 210). 

MoAoxalic acid 
(§ 201)0 


Gls ccrol is a useful starting point for synthesising allyl and propyl 

derivatives. We have already seen that b^' dehydration it jnelds 

ail\ I aldehyde, acrohin. \M)en heated with oxalic acid it 3 ields allyl 

aleoliol (§ 173) or formic acid (§ 79) according to conditions. When 

treateil with j'ellow phosphorus and iorline it gives wopropyl iodide. 

.\llvl iodide is first formed and then reduced: 

% 


CIU-OH 

CHot 

CH2I 

CHa 

CHOH + 3 HI 

1 

= CH -f- 3140+ I3. 

CH-h HI 

= CHI + I 

1 

II 

II 

1 

CllyOH 

CH, 

CH.> 

CHa 


— Glycerol is ii.sed in a great number of industries, notablj' 
for the inanufacturo of explosives, for medicinal purposes, as a 
prcsiTvativc and for vor\' numerous minor purposes where a water- 
sohihlf' liquid which will not evaporat-o is needed. It is mixed with 
the water in the rmliators of automobiles in order to avoid the 
danger of freezing in coUl weather. 



NITROGLYCERIN 


l20{> 


Expt.52.-Re<ictionso/Olycerol.^[l) Dissolve a portion in water: note 

glycerol ia insoluble in ether, but soluble in alcohol-etber 
two drops glycerol with i g. pota.,sium hydrogen sulphate. 
^ w wl.^^urd?o'pTgly«roI ,.ith 2 c.c. acidified potasei..™ dichromate 

r!^^cea both alUa.ine a.,d acid 

into flame. 

202. ‘Nitroglycerm,’ Glyceryl Trinitrate. CaH^NOah.— Nitro- 
glycerin is definitely not a nifro-compo»n/i containing the g^mip 


C— N 




O 


but a nitraU conUining the group 


-O— N 


Z' 

o 


It 


is the basis of many explosives, and its manufacture (which ■ l‘oul 1 
VZ ^attempted by the student, is of much industrial 

““CceroT'is sprayed ;^;;;\trtl,f tcuT,:;" rife 

ti-. <>,1 «.yeeryi trinitrate, 

C,H,(OU), + SUNG, = C,1I.(N03)3 + 3 II 3 O, 

which rises to the surface as a yellow oU. ft is then weU washed with 

water to remove any e.tccas of acid. , , jt has no 

Nitroglycerin is an oily liqin nic.lirinally in small 

smeU and is resenihles Uiat of amyl 

quantities as a vasudilutoi. ucuui 

^N^Wycerin free'/.cs to white needles which molt 

cannot be safely dis^led ‘u Intense explosive 

The main importance of time hut when the 

power. It will burn without exp explodes. It is sensitive 

mass of the liquid ,,,,,, .r will detonate a drop of the 

to shock and a heavy blow fron nitroglycerin is brought 

liquid. In practice the f - >f ^hc 
about by a detonator co^^taming mercury i n 

which impairs to it a sudden and vme^^^ 

u ..»■ 

replaced by dynamite and blasting gelatin. 

* .,:.r..frlv.'cTiu with 2 .">p«'rctMit. of tbo 
nynamiU i« a It '« patty-liUo inasn. and in 
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Blasting gelatine is a tough jelly-like mixture of guncotton (§ 290) and nitro- 
glycerin, containing about 7 per cent, of the former. It is at once exceedingly 
powerful and not dangerously eensitivo- The nitroglycerin explosives are 
admirably suited to the blasting of hard rocks, but are too sensitive for \ise in 
shells, and too shattering in effect for use oa propellants in guns. 

203. Other Polyhydric Alcohols. 

Erythritol, CH 2 (OH) CH(OH) CH(OH) CH 2 0n:. is a crystalline solid found 
in certain lichens and algro. 

.4ro6j/o/. CH 2 (OH)-CH{OH) CH(OH)-CH(OH)-CH 2 'OH, is mode by reducing 
the sugar arabinosc. 

CHj-OH 

Man7iitol (CH-OH)^ ia found in many plant products, particularly 

CHs-OH 

in manna, the dried juice of the manna-ash, a tree •which grows in 
Southern Europe. It forms white needle-like crystals with a sweet 
taste. It is a mild aperient, suitable for children. It can be oxidised 
to the sugars, mannose and fructose. 

CHjOH 

I 

CHOH CHOH 

CHOH 0 CHOH O 

CHOH 

ClI CHOH I CHOH 


CHgOH CHjOH CHa 

I 

Mannitol. F ructose.^ 

It U ail<le(l to of boric ficid which aro to bo titrated. Boric ocid id 

too weak to eftVc't most indicators* but zunnnitoborio acid id stronger, and can 
bo Kati.sfiM torily tilialed. 

Several alcohuU, .•^tereoisonioric (§ 232 fT) with mannitol are known, notably 
D«orbitol, obtuinocl by reduction of certain sngur«. 

QUESTIONS 

(1) Comjiarc the reactions of glycol with those of ethyl alcohol* How could 
tho latter be cunvortod into the former? 

(2) ^\*hat efTect ha^i oxidation on (a) glycol; (6) glycerol? WTiat light do these 
reactions throw on the positions of tho hydroxyl groups in the molecule? 

1 The fitorooisomerism of those compounds is here ignored. But sec Ch* XIX. 
§§ 27.1, 270. 
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(3) W-hat are oils. fats, soaps and vvaxesT How could you convert a specimen 

wlrarp“^-uLri'tl!rS^ from most other fats? How could 

gly-rol from oils and 

^“'(6) For what purposes is glycerol employed? What compounds are com- 

‘"'ts^Distin^sh 

of both of these in the explosive industry. 



CHAPTER XV 


THE DIBASIC ACIDS 

204. List of Dibasic Acids of the Oxalic Acid Series. — ^The beat- 

kno^\^l series of dibasic acids is the oxalic series. These are saturated 
acids containing two carboxyl groups. The most important acids of 
tile series are oxalic, malonic and succinic acid. 



j Formula 

1 M.P. 

Oxalic acid 

COOH 

1 

Sublimes 

Malonic acid . 

COOH 

/COOH 

CH.< 

^COOH 

CHs— CO-OH 
! ' 

132“ 

* 

Succinic acid . 

185“ 

1 

1 

Glutaric acid ... 

CHj— COOH 

/COOH 
' (CHa)/ 

^COOU 

$ 

! /COOH 

(CII,).< 

97-5“ 

Atlijiic acid 

j 

149“ 

Ihniolic acid 

''COOH 

^COOH 

^CO-OH 

1 

' /COOH 

: (CH2)«<^ 

1 

1 

105“ 

1 

1 

! 

Suberic acid 

1 

1 

1 

! 140“ 


^CO-OH 

J 



205. Preparation of Dibasic Acids. — The acids of this series are 
prepared by methods analogous to those used to prepare the fatty 
acids. 
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These include, 

(1) Oxidation of glycols or hydroxy-acids 


CHa-OH 


CO-OH 

1 + 

40 = 

1 + 2HaO 

CHa-OH 


COOH 

CHa-OH 


COOH 

1 + 

20 = 

1 + HaO 

COOH 


COOH 


(2) Hydrolysis of di-cyanides and cyano-acids. Succinic acid may 

be made by converting ethylene bromide into ethylene cyamde and 
hydrolysing this (cf. § 144): 

CH,-Br jjcN H,0 CH.COOU 

(In.-Br CH,-CN ^ 

Again, acetic acid may be converted into monocbloroacctic acid, 
thence to cyanoacetic acid, which on hydrolyaia gives malonic acid . 

CH. CH,C1 kCN HaO CH,-CO OII 

do OH ^ do OH ^ CO OH ^ CO^OH 


206 General Chemical Properties o£ Dibasic Acids.-The dibasic 
acrhaTe stSlar properties to the fatty acids except as ^Uows:^ 

(1) They form two series of compounds, according 
or both carboxyl groups have reacted. 

Thus wo have the acid salts such as acid esters 

Pn^OTI CO*NH^ 

^ acid amides such as | i and also normal com- 

rn n p w CO OH 

COOC,H, COOC,H, 

pounds such as the salt [ , the ester | and the amide 

COONa COUOatls 

CONH, 


f hi, .her mcinbei s tend to form inlerrml anhydrides 

aust as iwo -o.ecuics^of_a.t^o acid 

CH. CO OH yield a molecule of acetic anhydride “ 


H 
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one molecule of succinic acid forms a molecule of succinic anhydride 

CHa— CO. 

I >o. 

CHa— CO^ 

In the same way they can form imides where fatty acids would 
form amides. When ammonium succinate is heated succinimide is 
obtained: 

CHa— COONH 4 CHa— CO. 

I = I >NH + NHa + 2H,0 

CHa— COONH 4 CHa— CO^ 

COOH 

207. Oxalic Acid, | . 2HaO. — Occurrence and Preparation . — 

COOH 

Salts of oxalic acid are common in many plants, notably sorrel, 
rhubarb, etc. 

(1) Oxalic acid may be prepared by oxidising glycol or glycollic 
acid (v. §§ 188, 229). This reaction shows it to have the formula 
COOH 


COOH 


CHoOH 


CHoOll 


COOH 


4- 40 = 


+ 2HaO 


COOH 


(2) When sodium formate is rapidly heated it produces sodium 
oxalate: 

HCO-ONa CO-ONa 

= Ha+ I 

HCOONa COONa 


(3) Oxalic acid Ls formed by oxidising most carbohydrates (§ 263), 
e.f/., sugar, starch, etc., ^nth concentrated nitric acid. This affords a 
good laboratory method of making the acid. 

Expt. 53 . — Preparation of Oxalic Acid from Sugar. — W^eigh 
out 50 g. of cane sugar and transfer to a capacious flask (2000 
C.C.). Add 100 c.c. of ordinary concentrated nitric acid (sp. gr. 
1-4) and if available 0*1 g. of vanadium pontoxide. Heat to 
boiling on Uic‘ wat-er-bath in tho fume chamber, and as the 
n actiiui suhsidf.^ add a further 300 c.c. of nitric acid in portions 
of 50 c.c. When the reaction has subsided evaporate the 
solution to a bvilk of GO c.c. Crystals of oxalic acid separate on 
c'ooling. Dry on blotting paper and recr 3 'stallise by dissolving 
them in twice their weight of boiling water and letting the 
solution cool slowly. 
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(4) On the commercial scale, oxalic acid is made by the action of 
sodium h 3 'droxide on some form of cellulose, usualh’ sawdust. Some 
sodium peroxide improves the yield. In one modification of the 
process the sawdust is impregnated with strong caustic soda solution 
and heated to a temperature of about 200°-300" in a cuixent of hot 

&ii* 

The mass is extracted with water, and lime is added to the liquors. 
The insoluble calcium oxalate is precipitated and on treatment with 
dilute sulphuric acid yields a solution from which oxalic acid can be 

crystallised. . 

Physical Properties . — Oxalic acid forms transparent monoclmic 

crystals containing two molecules of water of crystallisation. The 

aidiydrous acid is obtained by heating these to 60^-70 C. for some 

time and forms a white powder which may bo sublimed and then 

forms white needle-shaped crystals. Oxalic acid is odourless. It has a 

sharp taste and is very poi.sonous, about I g. being a fatal dose. The 

antidote i.s a calcium compound (best slaked lime or precipitated 

chalk) which produces the insoluble calcium oxalate. 

It is soluble in cold water, 100 g. of which di.ssolve 8w8 g. of the 

anhydrous acid at 20'> C. and 63-82 g. at 70; C It is moderatcly 

soluble in alcohol, slightly soluble in ether and m.soluble in most other 

or*^anic .solvents, e.g., chloroform, benzene, etc. 

’chemical Pronerties.-^OxixVic acid Ls decompo.sed to some extent 
when heated above 160° C. It subUmes a little below this temperature 
and some of the vapour decomposes into carbon dioxide and formic 

acid: 

COOH H 

I = CO.-^ 1 

CO-OH CO-OH. 

The same decomposition results in a more complex way when nxMi.- 

acid is heated with glyccrol(§ 79). n. ... 

Oxalic acid is a moderately strong acid, a good deal .stronger lli. i 
acetic acid, though weaker than the mineral acids It has the usual 
prorxTtic.s of an acid, forming oxalates (§ 208) with bases and some 
metals, with carbonates, etc. With alcohols it readily forms esters 

It decomposed by dehydrating agents, notably sulphuric acid, 
carbon monoxide and carbon dioxide being evolved: 

COOH 

I =CO,+ CO+H,0. 

CO OH 

Oxalic acid is a reducing agent, being easily oxidised to carbon 
dioxide and water. Among the reagents which will oxidise it au 



216 


THE DIBASIC ACIDS 


manganese dioxide, lead dioxide and acid potassium permanganate 
solution. These reactions are utilised in quantitative analysis. 
Nitric acid of sp. gr. 1*4 will also oxidise it. 

Oxalic acid can be reduced by nascent hydrogen to hydroxyacetic 
acid: 


COOH 

I +4H 

COOH 


CHjOH 

+ H,0. 

COOH 


When oxalic acid or ethyl oxalate is treated with phosphorus penta> 


coa 

chloride oxalyl chloride | is formed. 

COCl 


Teats . — Oxalic acid is distinguished from other organic acids 
(1) by its giving carbon monoxide and carbon dioxide when heated 
with concentrated sulphuric acid without any blackening of the 
liq»iid; (2) by its giving a white precipitate vdth calcium chloride 
which, unlike other precipitates of organic calcium salts, is not 
soluble in acetic acid (y. § 252). 

Oxalic acid is readily determined by titration with potassium 
permanganate. 

Kxpt. 54 , — lieaxiiotun of Oxalic Acid, — (1) Heat in a dry tube: note 
inoUine» evolution of water» and dnally subliination 

(2) Heat a solution with dilute aulphurio acid and potassium perman* 
ganato Holiition: note oxidation to 

(3) Heat solid with cone. Note evolution of CO and COj. 

(4) A<ld solution to calcium otdoride solution* Note white precipitate 
iiisolublo in acetic acid* 

208. Salts of Oxalic Acid. — The oxalates, other than those of the 
alknli metals and ammonium, are insoluble in water. \\Tien heated 
they break up into carbonates and carbon monoxide. The carbonate 
may further break \ip into carbon dioxide and the oxide of the metal 
which may be partly or wholly reduced by the carbon monoxide. 

Thus calcium oxalate, if gently heated, gives calcium carbonate 
and carbon monoxide: 


CaCjO* CaCOa + CO ^ CaO + CO, + CO, 

wliile stronger heating gives calcium oxide. 

Lead oxalate, on the other hand, gives lead suboxide, Pb,0: 

2PbC,0* = Pb,0 + SCO, H- CO. 

Silver oxalate explodes when heated, giving metallic silver and 
carbon dioxide. Oxalates react with sulphuric acid and with 
calcium chloride solution in the same manner as does the free acid. 
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Sodium Oxalates . — Normal sodium oxalate NaoCaO^ and sodium 
hydrogen oxalate NaHCaO, are kno^m. The normal salt is sparingly 

soluble {ca. 3 per cent.). 

Polasshim OxaZa<ea.— Three salts are knovm. Normal potassium 
oxalate K2C204-2H20 is readily soluble in water. Acid potassium 
oxalate KHC2O4 is found in various plants and is sparingly soluble 
in water. Potassium quadroxalate KHC204 H2C204-2H20 is formed 
when caustic potash or potassium oxalate is crystallised vnth the 
correct quantity of oxalic acid. It is sparingly soluble, dissolving in 

about twenty times its weight of cold water. 

This latter salt is readily purified by re-crystallisation and is usehil 
for standardising volumetric solutions of alkalis and of potassium 


Both the acid salts are sold as ‘salts of sorrel’ or ‘salts of lemon. 
They are used for cleaning purposes, removing stains, etc., but are 
obiectionable as being highly poisonous. 

Amirumium Oxalate (NH4)2C204-H20. is used 
quantitative analysis for the precipitation of calcium. W hen distiUed 

it jdelds oxamide, the amide of oxalic acid. 

COONH. CONH, 

I =1 -h 2H2O. 

COONH4 CO-NII, 

Ammonium hydrogen oxalate may be prepared by crystallising 
the normal oxalate with oxalic acid. When heated it yields oxamic 
acid, which is at once anurntdeand an acid: 

COONH4 CONH, 

I =1 + HjO. 

COOH COOH 

Calcium Oxalate, CaC’iO*. is found in many plants as small nggre- 
aates of crystals. When oxalic acid or an oxalate is added to a 
calcium salt it is precipitated. When heated it decomposes as 
mentioned above (p. 210 ). Calcium is detonnmed quantitatively by 
precipitating it as oxalate, washing the precipitate and 
^ ( 1 ) Drying it and igniting it, either gently so as to form the 

carbonate, or strongly so as to form the oxnle>; or 

( 2 ) Dissolving the precipitate in dilute sulphuric acid and titrating 

the resulting solution with permanganate. 

Iron Oxalates.— Vv.Tvoas oxalate forms a bright yellow powder. It 
forms a soluble double salt with potassium oxalate which was 
formerly much used as a photographic developer. 

Ferric oxalate forms double salts with ammonium and other 

1 It i« oaHi«r to convert the precipitate i.. tl.e crm-.hle int^ calcium -.ulphale 
by iuition of a few drops of aulphuric acid and igniting at a low red heat. 
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oxalates. These are reduced by light to ferrous salts, a reaction 
which is the basis of the platinotype process of photographicprinting, 
in which the ferrous salts so produced reduce platinum salts to 
metallic platinum, and of the blue-print process in which the ferrous 
salts react with a ferricyanide giving an image of Pnissian blue. 

209. Esters of Oxalic Acid. — Oxalic acid, being stronger than 
most organic acids, reacts very readily with alcohols. 

CO-OCH, 

Methyl oxalate, } , crystallises out &om the liquid obtained 

COOCH3 

by dissolving anhydrous oxalic acid in methyl alcohol. The crystals 
are washed with cold water. It is very easily hydrolysed, boiling 
with water being enough to break it up into oxalic acid and methyl 
alcohol. 

The addition of ammonia to methyl oxalate converts it at once 
into oxamide: 

COOCHa CO-NH, 

I -f 2NH3 = I + 2CH3OH. 

COOCH3 CONHa 

Ethyl oxalaU is readily prepared by heating ethyl alcohol and 
oxalic acid. It i.s similar in behaviour to methyl oxalate, but is a 
liquid. 

COOH 

Methyl hydrogen oxalate, \ , and the corresponding ethyl 

COOCH3 

compound arc known. 

CONH3 

210. Amides of Oxalic Acid. — Oxamide, \ , is made by the 

CONHa 

action of ammonia on methj'l oxalate or by the distillation of 
ammonium oxalate 

It is a white powder and has the general properties of amides 
(§ 115). When heated with phosphorus pentoxide it yields cyanogen 
(§ 135). 

CONH2 

Oxamicacid, { , is prepared by heating ammonium hydrogen 

COOH 

oxalate. It is a white powder. It reacts both as an amide and an 
aciil, forming salts, esters, etc. 

Oximvle, I is mndo liv removing tlio elements of water from 

«>\HTnic ucitl witli plio.-^jjh4>ru^ It is nuM'li less stable tlmn the 
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higher imidoa. such as Buccinimuie. Three.inemborc<l rings are always less 
stable than four or five-meinbereci rings, a fact whu h is explained m Chapter 


XXI. 


CO 


\ 

It should be noted that no oxalic anhydride. 

/COOH 

211. Malonic Acid, HgC^ Malonic acid can bo made by 

\COOH 

oxidising malic acid (hydroxy-succinic acid) with chromic acid: 


COOH 


COOH 


CHOH 


CH 


CH 


a 


+ 20 = 


+ CO, + HjO 


COOH 


COOH 


Sj-nthetically it can be made from aictn- :uid. Acetic acid is 
treated with chlorine (§ 220). forming monochloroacctic acid which 
is converted into sodium monochloroacetate. This is treated with 
concentrated potassium cyanide solution giving sodium cyano- 
acetate which with alcohol and sulphuric acid gives ctliyl eyano- 
acetate, which is hytlrolysed by the acid present to give malonic 
e.ster. This is saponified and yields malonic acid: 


CH 


ClU-Cl CHs-CN 

CI 2 I KCN 1 CoH^-OK 

CO OH CO ONa CO ONa 


CII2CN 

1 

CO-OCoH 


H,0 


CH^COOCaHj 


CIK CO OH 


CjHeO 


COOCJI 


COOH 


Malonic acid forms crystals melting at 133°-13l* C. and is readily 
soluble in water. When heated it breaks up into acetic acid and 

carbon dioxide: 

C'OOII CH, 

= I ^^2 

^COOH COOH 

Theacid isof much less importance thanitseth>des^^^^^^ 

212 Ethyl Malonate. — Malonic & 9 fer,C. 2 lIj, 0 CO CII 2 CO OC dlj, 

is a most useful synthetic reagent. It is prepared as <icscrihc<l under 
malonic aei.l above, and from it numerous compounds (clueliy 
higlicr fatty acids) can be Byntlusisod. 'llie method ts discussed 
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under the heading of acetoacetic ester (§ 259), which 
similar way. 



reacts in a 


213. Malonic Anhydride, Carbon Subozide, C 


. — ‘Malonio 


c = o 

anhydride’ is of interest as being an oxide of carbon. It is not the true 

/CO. 

anhydride of malonic acid, which would be H 2 C\ /O, and which 

^CO^ 


does not in fact exist. It is obtained by the action of heat on malonic 
acid under certain conditions or by the action of phosphorus pent- 
oxide on malonic ester. It is a gas (b.p. 7® C.) and reacts with water, 
giving malonic acid. 

CHa— COOH 

214. Succinic Acid, | . — Succinic acid is usually made 

CHa— COOH 

by the distillation of amber — a fossil resin— or by the fermentation 
of calcium malate. It can bo s^mthesiscd from ethylene dibromide 
by the reactions given in § 205. 

Succinic acid is a crystalline solid which melts at 185® C. and boils 
ut 235® C. It is soluble in water. ^Vhen heated it forms some 
succinic anhydride, which is better made by treating it T\ith acetic 
anhydride, 

CHo— COOH CHg— COv 

= 1 } 0 -\- H,0. 

CH^— COOH CHj— CO^ 

1 1 behaves in general Ukc oxalic acid, though it is a far weaker acid. 

An isomcride of succinic acid (meth^dmalonic acid) of the formula 
CII 3 

yCO-Oil 

CII(^ also exists. It differs from succinic acid in giving 

X'OOH 

carbon dioxide and propionic acid when heated and in not forming an 
anhydride. 

fOOH 

215. Adipic acid, (1 112 ) 4 , is sometimes used as tho acid constituent of 

CO-OII 

baking powder and of recent years has become important as a constituent of 
nylon, which is a co-polymer of adipic acid and boxaraethylono diamine. It is 
made coiiuucrcially from castor-oil or from cyc/ohexone (§ 333). 
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216 Maleic Acid and Fumaric Acid. — The simplest acids of this 
type are maleic and fumaric acids, which are isomeric, both having 
the formula C,H,(CO,H),. Both acida are obtained by heating 
malic acid. This breaks up, giving the anhydride of maleic acid, 
which distils over while fumaric acid remains behind. The equations 
may be written (assuming the formulae which are established in 

§217)1 


HOHC— COOH 


HgC— COOH 

Malic acid. 

HOHO-COOH 


HOOC— CH, 

Malic acid. 


H-C— COv 

II yo+2U,0 
H-C— CCX 

Mnleic anhydride. 

H-CCOOH 

II -j- HjO 

HOCC— C— H 

Ftunoric acid. 


Maleic acid and fumaric acid are soUds which differ in solubility, 
taste etc. They show a remarkable similarity in chemical pro- 
nerties which are discussed below in connection v,ith their formula. 
^ ai^’blerism of Maleic and Fumaric Aeids.-Tho two acids 
maleic and fumaric, remained for a long time a prohlem, as hot i of 
them, while differing in properties, appeared to have the same 

formula: ^ 

CU(COOH) 


CH(COOH). 

The evidence for the above formula is as follows: 

(1) Both acids arc reduced by sodium amalgam and water to 

CH*— CO-OH 

succinic acid, | 

CH,— CO OH 

(2) With hydrogen bromide both give bromosuccinic acid. 

CHBr— COOH 


CH*— CO-OH. 

These two reactions clearly point to the formula: 

CH(COOIl) 


CH(CO-OH) 

The differences between the acids are (1 ) that maleic acid is the more 
reactive and tends to be changed mto liimanc acid, e.g., by boihng 
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with dilute hydrochloric acid, and (2) maleic acid readily forms an 
anhydride while fumaric acid does not. 

It was not at first found possible to write formuloe for the two acids 
which should account for these likenesses and differences. The view 
now accepted is that the acids have the formulae: 

H— C— COOH H— C— COOH 

II II 

H— C— COOH HOOC— C— H 

Maleio acid. Fumaric acid. 

We suppose that two succinic acids of formula 

H H 

I I 

H— C— COOH HOOC— O— H 

H~C— COOH H— C— COOH 

H H 

cannot exist because the single bond connecting the carbon atoms 
allows free rotation of the carbon atoms and groups attached to 
them. It scorns ren.sonablo to suppose, however, that the double 
bond shown in tlu* formuhe for maleic and fumaric acid would not 
permit rotation of the radicals. If this is granted the behaviour of 
IIlo two acids Is exi*laincd. Thus the two acids can be spatially 
roprosentcd thus: 


COOH H 



COOH H 

\/ 

C 



('OOH H 


C 

/\ 

R COOH 


It sliould bo nntcrl Hint those diagrams arc the correct spatial 
represcntatijm of maleic aurl fumaric acids, because a double bond 
dolines a plane (pp. 3o, 3fi). 

ISlolcic acid and fumaric acid when reduced give succinic acids of 
the formula? given above, which are identical. For the same reason 
they i.'ivo identical bromoauccinic acid when treated with HBr. The 
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difference as to their anhydride formation also stands explamed. 

H— C— COOH 

The acid II readily gives \\ /O 

H — C — COOH H — C — CO 

HO'OC— C — H ^ i_ j- * 

whUe the acid |1 cannot do so, o«ang to the distance 

H— C— COOH 

between the carboxyl groups. 

The first formula is therefore given to maleic acid and the second 

*^°Th^^Snd of isomerism is known as cis-trans-isomensm. The com- 
pound with like groups on the same side is caUed the cis-compound 
while the other is called the (raTW-compound. 

cw-etbylenedicarboxyUo acid and fuinaric acid is (m7W-eth> lene- 

are. as a rule, more aUke than ordinary 
iaomerides but less aUke than true stercoisomendes (§ 23- H.)- 

QUESTIONS 

How i. oxalic acid made; (a) coinincrcially. (M in the laboratory. How 
‘c^X-"ac^:nao^^^^^ with thoae of arctic arid. Whirh ia 

'“’, 3 !“^^^.°a;^^the ^ffoft“' h.a^ ‘!po“n'''th»‘’oxairtca of adver, lead, ralcin.n, 

■“m'HoTwIIdd yon prepare methyl oxalaU, and convort yonr product into 
oxamidoT Comparo tho latter '‘"what compnun.lH arc 

fo^Sa“ror^™hro'rW.“corr".pondlng to Lctic anhydrid, I acetamide. 

Lalic 

hydroxide. Iho salt d>Urt o > l/oaUKl witii Hulphuric nci«l, uiid uftiT 

'-eit. left 0-81170 g. put..-.diu». «ulph.U«. Which ».mi1 

was UKed? 
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ACIDS CONTAINING A SUBSTITUENT GROUP 

218. General Properties of Substituted Acids. — Numeroua organic 
acids are known which contain other groups beside carboxyl. Thus 
among the acids containing two carbon atoms we have 

CH3 CHa-a CHa-CN CHa'NHa CHa’OH 

COOH COOH COOH CO-OH COOH 

Acetio Monochloro- Cyanoiicotio Aminoacotio Hydroxyacetio 
Qcid. acetic acid. acid. acid acid 

(GlycocoU). (GlycoUic acid). 

It would seem reasonable to suppose that these would have the 
properties of the acid and also the properties of the substituent 
group and this is approximately true. Thus aminoacetic acid has 
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SUBSTITUTED ACETIC ACIDS 

the properties of a primary amine (§§ 119-120) and also of an acid. 
The groups however modify each other’s properties. Thus chloro- 
acetic acid is a very much stronger acid than aminoacetic acid, and 
the hydroxyl group in hydroxyacetic acid is much less ready to form 
esters, etc., than the corresponding group in ethyl alcohol. 

As a general rule we may remember that substituted acids show 
the properties of the substituent group and also of an acid, and that 
electronegative substituents (CN, halogens) increase the strength of 
the acid while electropositive substituents (NH^) decrease it. 

The hydroxy-acids are numerous and important and will be 
considered in Chapter XVTI. while the other substituted acids will be 

considered here. 


219. Halogen-substituted Fatty Acids. — Chloroformic acid, j , 

CU*L)rl 


has not been prepared though its ester is known. This and its 
derivatives arc discussed in § 300. Three cliloroacctic. tlircc broino- 
acetic, tliree iodacetic and trifluoroacctic acids arc known. 

CHa-Cl CHa-Br dial 


COOH 

Monoc))loroacetic 

acid* 

CHClj 


COOH 

Monobrc>jiiu4K'Ctic 

acid. 

CHBr. 


COOH 

Monu-iodoaootie 

acid. 

cm. 


CO-OH 

Dichluroacctic 

acid. 

CCl. 


COOH 

Dibrotuoacetic 

acid. 

CBr* 


COOH 

Di iodoucetic acid 


COOH COOH 

Tri< hlorottc.;tic Tribroinoacotio Tri-iodoacotio u. icl. 

ucid ucUi. 

Preparation.— The chloroacetic aod bromoatetio acids am made 
by the action of tho halogen on acetio acid The niethod 
employed only for tho mono-3ub.st.tutcd ll.o di- a.Kl tn- 

chloroacctio acids are best made^from chloral (§ 7J). 

220. Monochloroacetio Acid. | ’ .-The acid is best prepared 

CO-OH 

by passing chlorine through heated acetic acid in presence of a Uttle 
odine, sulphur, phosphorus or other catalyst: 

CHa-CO-OH d- Clj = CHaCl-CO-OH + HCl. 

Expt 55 —Preparation of M OTWchloroacetic Acid. — i'he ex- 
perinn-nt is best performed on a sunny day as the reaction is 
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much affected by light. Arrauge in the fume cupboaxd, or near a 
window, an apparatus for generating chlorine (best from cone, 
hydrochloric acid and potassium permanganate) and connect 
through a wash-bottle containing cone, sulphuric acid to a small 
TV’ide-necked round-bottomed flask supported in a water-bath — 
rubber corks should not be used — and fitted with a reflux 
condenser and exit tube to window or flue of cupboard. The 
apparatus is the same as that of Fig. 56, except in that a water- 
bath is emploj'ed. In the flask are placed 50 c.c. of glacial acetic 
acid and 1 g. of iodine. The water-bath is heated to boiling and 
chlorine slowly passed through till the flask has gained in weight 
by 27 g. The reaction will require about 12 hours to complete 
itself, even in bright Ught. The liquid is then distilled, using a 
Liebig condenser. When the thermometer shows 170® C. the 
water is run out of the condenser and the fraction boiling 
between 170® C. and 200® C. is collected. This solidifies on 
cooling. Any liquid is drained from the crystals, which are then 
redistilled with an air-condenser. The fraction boihng between 
180® C. and 190® C. is nearly pure monochloroacetic acid. 

Properties. — I^Ionochloroacetic acid forms colourless crystals 
which are odourless. It is corrosive to the skin. It melts at 62® C. and 
boils at 186® C. It is freely soluble in water. 

Monochloroacetic acid is a stronger acid than acetic acid, while the 
di- and tri-chloroacetic acids are stronger still. 


Formula of Acid. 
CH3COOH 

CHoClCOOH 

CHClnCO-OH 

CCI3COOH 


Dis^sociatiou Constant X 10^. 

•0185 

1-5 

60 

1210 


It forms salts and esters, and an acid chloride, anhydride and amide 
in the usual manner. Thus ethyl chloroacetate CHaChCO-O-CjHs 
is readily made by the reaction of the acid and alcohol in presence of 
stilplniric acid. It has an odour recalling the pear-drop smell of 
ethyl acetate and is irritating to the eyes. 

The halogen group in the acid reacts in many of the same ways as 
the halogen in a paraffin halide (cf. § 58). Thus when chloroacetic 
acid is heated with water, or better, moist silver oxide, the halogen is 
replaced by hydroxyl and glycollic (hydroxyacetic) acid is formed: 

CH2CI CO OH -f H 2 O = CH2(0H)C0 0 H 4- Ha. 

'J'his is the usual method employed for making glycollic acid (§ 229). 
Potassium cyanide converts it into c^'anoacetic acid: 

CH.a CO OH + KCN = CH 2 (CN)C 0 0H 4- Ka. 


This reaction is utilised in making malonio acid (q.v. § 211). 
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Monochloroacetic acid is of great commercial importance for the 
synthesis of indigo (§ 563). 

221. Dichloroacetic Acid.— CHCla CO.H can be made by the 
tedious process of continuing the chlorination of acetic acid until 
enough chlorine has been absorbed. It is, however, best produced by 
the action of potassium cyanide on chloral hydrate; 

CCI3 CHO + H^O + KCN = CHCI2 CO Oil + KCl + HCN. 

It forms crystals readily soluble in water and is a fairly strong acid 

222. Trichloroacetic Acid.— CCU'CO.H has been prepared by 
chlorinating acetic acid but is usually made by oxidising chloral 

hydrate with fuming nitric acid: 


CCI 3 
CH< 

s 

CGIs 


OH = 
OH 


CCI 3 

I 

C—H 

II 

O 


+ HoO 


+ O 


CGI, 


HG = O 


GO-OH 


Trichloroacetic acid U a crystalline solid melting at 57^ G. It is 

freely uolublc in water. i i i *. i 

It is a comparatively strong acid. It is decomposed when heated to 

MOO* G When boiled with water or alkalis it is hydrol>s'ed, gning 

roroform and carbon dioxide, CCU CO OU = CUCl + CO„ It . 

notably less Btablo tlian tl.o other cldoroacot.o acids, i.erl.aps on 

account of the concentration of electronegative groupings on a single 

“ 22 ^ Itoimoacetic, lodoacetio and Fluoroacetic Acids.— Tlie tlireo 
broinoacetic acids are very similar to the chloroacetic acids and are 

made bv biinilar inetho<Jj*i. . r* i* 

The iodoacetic acids cannot be made by the direct action of iodine 

on acetic acid. The ethyl ester of n.onoiodoacetic acid has been inade 

by treating ethyl cliloroacetate with potassium iodide and alcohol. 

C 2 II& O GO CH./G1 -1- KI = GaH^O GO GH 2 1 + RGl. 

The acid can be obtained from the esU-r. Ethyl iodoacetato has been 
employed as a 'tear-gas’ in warfare, under the name hlv. ^^odmm 
fluoraitate has found wide use as a poison for rats an.l similar 

''“Trinuoroiicctic acid CF 3 -COOII is prepared by oxidising p-tri- 
niioromctliyltoluidinc with chromic acid, ft is the strongest orgainc 

taT'^ogen Derivatives ol other Fatty Acids.-Ali fatty a.-ids 
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form halogen derivatives. Many can be made by treating hydroxy 
acids with phosphorus halides, or by treating unsaturated acids with 
halogens or halogen hydrides (cf. §§ 168, 178). 

CHa-CN 

225. Cyanoacetic Acid. — | is made as described in § 21 1 

COOH 

by the action of potassium cyanide on a chloroacetate. 

It is a crystalline solid melting at 65 C. and is a stronger acid than 
acetic acid. 

Its ester CaHj-O-CO-CHa’CN can be used for certain syntheses in 
the same way as malonic and acetoacetic esters (v. § 259). 

Cyanoacetic acid is readily hydrolysed to malonic acid when 
heated w'ith dilute acids: 

HOOCCHa-CN + 2H2O = HOOCCHaCOOH + NH3. 

AMINO-ACIDS 

226. Amino-acids and Proteins. — The acids containing an amino- 
group, — NHj, are of much interest as being the chief component 
parts from which the complicated molecules of proteins are built up. 
The proteins (Ch. XXXIII) are highly complex nitrogen-containing 
organic substances and exist in great variety in living animals and 
plants. Albumin from the white of egg, gelatin from bones, etc., 
casein from milk are t 3 'pical proteins. Since the proteins are the 
substances essential to the composition of all living matter, the 
understanding of their composition w’ould be of the utmost interest. 
No very great progress has been made towards the synthesis of the 
profrins, but it seems clear that they are largely composed of amino- 
acid molecules linked together in the fashion of an amide. The 
simplest amino-acid is glycine or aminoacetic acid, the formula of 
which is 

HaNCHa-CO-OH. 

Two molecules of these may bo linked by appropriate means to 
form glycylglycine, 

HaNCHa-CONHCHa-COjH. 

Two molecules of this may again bo linked to form triglycylglycine, 
HsN-CHaCONH-CHaCONHCHjCONH-CHaCOaH. 

The proteins when partially hydrolj’sed produce polypeptidest 
complex chain compounds such as the above, built up from many 
and different amino-acids, and it is thought that the enormous 
protein molecules, of molecular weight more than 30,000, contain 
chains of linked amino-acids in some cases joined to molecules of 
other substances, purine bases, glucosamine, etc. 
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If proteins are split up as completely as possible by hydrolysis 
usuaUy accomplished by boding vnth solutions of acids or alkahs— a 
great number of products are obtained, mostly amino-acids. All 
natural amino-acids have the amino-group in the a-position except 
pantothenic acid, one of the gro\nh-factors, which is a ^-amino-acid. 
These include the following: — 

(1) Mono-amino faliy acids, t.g.y 

Aminoacetic acid, glycocoU, NH2*CH2'CO‘OH 
a-Aminopropionic acid, CH3'CH(NH2)'CO-OH 

alanine, 

CH3V 

a-Aminoisobiitylacetic acid, ,CH CH2 CH(NH2) CO OH 

leucine, CH3 

a-Aminoisovaleric acid, valine, (CHsla CH CHCNHjl CO OH 


(2) Mono-amino dibasic acids, e.g., 
a-Aminosuccinic acid, aspartic acid, 

HOOCCHCNHjICHjCOOH. 

a-Aminoglutaric acid, glutamic acid, 

HO-OCCHCNHal-CHaCHiCOOH. 

(3) Diamino-acids, e.g., 
a-€-Diaminocaproic acid, lysine, 

NHaCHa-CHaGHjCHa-CHiNHalCOOH 

(4) llydroxy-amino-aculs, e.g., 
a.Amino-/3.hydroxypropionic acid, serine, 

H0CH2CH(NH2)C00H. 

(5) Amino-acids containing sulphur, e.g., 


a-Amino-^-thiol-propionic acid, cysteine, HS— CHj— C— CO-OH 

H 

(6) Amino-acids containing cyclic groups, e.g., 

^-yj-Hydroxyphenyl-a-aminopropiomc acid, tyrosine, 

H 
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Iminazole-alaaine, histidine. 


\r!.r*R 


CCH,— C— CO,H 


CH— NH* 


NH 


(7) Compounds which are not amino-acids, e.g., urea, ammonia, 


ammo-sugars. 


I’his list by no means exhausts the amino-acids obtainable from the 
proteins, but it Is clear that the essential constituents of the proteins 
are compounds ^ntb an a-amino-carboxylic group: 

NH, 

I 

R^-C— COOH 


R 

The proteins are more fully discussed in Chapter XXXIII. 

227. Aminoacetic Acid, GlycocoU, Glycine, NHo CHa CO^H. — The 
simplest of the amino-acids is aminoacetic acid. Aminoformic acid 
is not kno\\'n in the free state, though its salts, the carbamates, and 
its esters, the urethanes, are well kno^\'n. 

These compounds are discussed in the chapter on the derivatives of 
carbonic acid (§ 308). 

Prejtaration. — (1) Aminoacetic acid is commonly made by the 
action of ammonia on monochloroacetic acid: 

Clla-Cl CHg-NHa 

I +NH3=| -hHCl. 

COOH COOH 

This nu lliO'l of jin-paration is usually adopted in the laboratory. 

Exjit. oO . — Preparation of GbjcocoU . — Set up the apparatus 
^hown in Fig. 30. In the glass jar place 300 c.o. of ammonia 
(sp. gr. O-.SSO) and in the tap funnel a solution of 25 g. of 
cidoroacctic acid iti 25 c.c. of water. Stir steadily and allow the 
acid to drop in slowly. I.<‘t the liijuid stand for 2-1 hours, and 
tlien evaporate it to a small bulk. If any smell of ammonia 
remains pass a cuiTcnt of steam through the liquid till all 
ammonia is removed. Add copper carbonate to the hot liquid, a 
little at a time, until some remains undissolved. Filter off any 
excess and evaporate till Vjhie copper giycocoU crystjiUises out. 
Cool, filter off the crystals, and wash ^vith dilute alcohol. 
Dissolve the crystals in hot water and pass hydrogen sulphide 
till the blue colour has disappeared. Filter off the copper 
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sulphide and evaporate the solution of glycocoU to a small hulk, 

when crystals will separate on cooling. , ^ • r 

(2) Aminoacetic acid can also be obtained by the hydrolysis of a 

protein. Most proteins yield some, but gelatin la the 

Glue is boUed with dUute sulphuric acid till completely hydrolysed, 

and the glycocoU separated by means of the copper derivative. 

Struaure.—The method of formation and its properties suggest the 
formula NH^-CHa-CO-OH, but its high .solubility in ^ ' 

bility in mo.st organic solvents and high melting point surest a sa ^ 
like constitution It is now accepted that ammo-acids both m the 



— Pre[>ar*atii>ii of glycocoU. 


anu„o.g.oup bcc„.ni„« a charged while the acidic 

eS-A..tXtirlcid forms largo eoloorless prismatic 
"above thl iernporature. It is readUy soluble in water, but rs rn- 

“ GWeotu is'botri"ldd and a base. It reacts with bases as an 
aeS an^forms salts with metals of which copper glycocoU 

CulOCO-CHa-NHjli-HjO 

is the best known. This salt has a One blue colour and readUy 
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crj’Btallisea. It ia used for separating glycocoll from other com- 
pounds. Like other acids glycocoll forms esters, amides, etc. 

With acids it reacts as a base and also forms salts. Thus with 
hydrochloric acid the salt glycocoll hydrochloride 


HOOCCH^NH 


.}ci 


is formed. 

Glycocoll has the characteristic properties of a primary amine. 
Thus nitrous acid substitutes hydroxyl for the amino-group and so 
converts it into hydroxyacetic acid: 


HOOCCHa-NH, + HONO = HOOCCHjOH + Na+HgO. 


Its ester ethj'l aminoacetate behaves in an interesting manner with 
nitrous acid, recalling the behaviour of the aromatic compounds 
(§§ 382, 395) though not identical mth it. Instead of ethyl hydroxy- 
acetate, as would be expected, ethyl diazoacetate ia formed: 

CoHj^ O CO CHa-NHa + HNOg = CaH^ O-CO CH = Ng -I-2H2O. 

This compound is considered to bo a ‘resonance-hybrid’ of the two 
forms 


CoH. O-CO CH == N N and C 2 H 5 O CO CH ^N = N 


and it is of interest because it was the original source of hydrazine 


NHa 

I and hvdrazoic acid N.<~N = N- H «=^N = N — ► N — H. 
Nila 


QUESTIONS 

( 1 ) How \a inonoohloronootic acid prepared? How docs it react with water, 
ariirnonia» p'nosphorud holidc^^? 

(2) How dot'd the strength of a derivative of acetic acid vary with the 
Biih.Htitucnt groups contained in it? Illustrate your answer by rofcronce to 
cldoroucotic acid anti to glycocoll. 

(3) Iiiilicuto tlio steps you would take to prepare from acetic acid, 20 g. of 
chioronr(*tyl chluri<lo, and to isolate tho product (b,p. l43-a® C.) of its reaction 
witii otliyl alcohol. 

(4) How is glycocoll prepared? Describe its chemical properties. In what 
respect does it rosemblo and differ from (a) met liy lamina, (6) acetic acid? 

(5) IIow arc the amino^acids related to tho proteins? How would you try to 
prepare glycocoll from glue? 

(G) Tho hydrochloride of a mono^amino^acid of formula 

NHa-C^IIa^COOH 

contained 28' 3 per cent, of chlorine. WTiat is its formula? How would you try 
to find out whether tho carboxyl and amino-groups were attached to the same 
carbon atom? 
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Common Hydroxy-acids 


Monobasic*. 

Dibasic* 

Th basic* 

Corre- 

Bpotidirig 

>*atty 

add. 

IlycJroxy-acid. 

Cfjrrc* 

beras. 

Monoliv- 

<Jfoxy-acid. 

niliydroxy* 

add* 

>fonobydroxy- 

acid. 

CHa 

CO OH 
Acetic acid. 

CHa OH 

A 

CO OH 

1 



1 

1 

Co OH 

niycolllc acid. 

CO OH 

Oxalic odd. 




CHa 

CHi-OH CH, 

in, Ihou 

1 1 

CO OH 

t 

COOH 

1 



1 

CH, 

CO OH 

M.ilohtc 
ud 1. 

CH OH 

CO OH 

Tartrofilc 

add. 



CO OH 

Propionic 

acid* 

coon coon 

llydMcryllc Ladic 

acid. acid. 

1 

1 




CO OH 

CO OH 

1 

COOH 

1 




J’H, 

CH, 

CIIOH 

cir OH 

1 




1 

( II OH 

1 




1 

cooir 

Sii*‘drilc 

add. 

COOK 
31allc add. 

CO OH 

Tarl aric 
add. 

CH, CO OH 






1 

HO C CO OH 

1 






CH. CO OH 




.. . 


Citric odd* 


228 NatutaUy Occurring Hydroxy-acids.-lbo con.p<;un,la con- 
taii^K bXcarboxyl and bydroxyl arc known as bydroxy-acds and 
Bome of tbom aro of great importance a3 occurrmg naturaUy in 

animalB and plants. 
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The moat important of these are: 

Lactic acid a-hydroxypropionic acid. 

Malic acid a-hydroxysuccinic acid. 

Tartaric acid ajS-dihydroxysuccinic acid. 

Citric acid ^-hydroxypropane-a/Sy-carboxylic acid. 

The relationship between these acids and the fatty acids and oxalic 
series is sho^"n in the table on p. 233. 

The chemistry of all these except the last is complicated by the 
occurrence of sUreo-isomeridea^ the nature of which is explained in 
%232ff. 

The simplest hydroxy -acid is hi/droxyacetic acid (glycollic acid). 

229. Hydroxyacetic Acid, Glycollic Acid, HO CHg CO OH. — Glj'- 



Fi«;. 37. — I’rcparntion of glycollic acid by electrolytic reduction. 

collie rtcui occurs in sugar-cane juice, but is always prepared 
synthetically. 

Preparation. — (1) Glycollic acid is usually made by the hydrolysis 
of cliloroacotic acid, which may be boiled with water. Marble is 
added to the mixture to neutralise the acid formed and make the 
reaction more com[>lete: 

CHaa CO OH + HjO ^ HO CHj COjH -f HC. 

(2) Oxalic acid may bo reduced electroly'tically (Fig. 37). An 
electrolytic cell contains a sheet lead cathode surrotmded by a 
solution of oxalic acid in dilute sulphuric acid. The anode is im- 
mersed in a porous pot containing dilute sulphuric acid. The 
solution is kept at 35® C. and a current is passed for several hours. 
The hydrogen liberated at the cathode reduces the oxalic acid: 
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COOH CHj-OH 

I + 4H = I + HgO. 

CO-OH CO-OH 

Any excess of oxalic acid is separated by treating the liquid with 
calcium carbonate. Calcium glycoUato is soluble. whUe calcium 

sulphate and oxalate are not. _ 

(3) The oxidation of glycol (§ 188) with dilute nitric acid yields 
glycollic acid: 

CH 2 OH CHg-OH 

I -b 20 = I + H 3 O. 

CHa-OH COOH 

Properties. — Glycollic acid forms colourless crystals, freely soluble 

in water, alcohol and ether. It melts at 80® C. 

Glycollic acid behaves both as a primary alcohol and as an acid. 


Reacts as an alcohol 
to form 

CHaOCalls 

I 

COOH 

Ethyl glycollic acid 
(et)ier and acid). 

CHyCl 

I 

COOH 

^Jono<•hla^oa<•ctic acid 
()iuli<l<‘ and aci<] )• 


GLYCOLLIC ACID 
CH2OH 

I 

COOH 

(Hj <ln>x\ 

lieacL^ ns an alcohol and 
an acid to form 

ciu-oc^n, 

COOC 2 H 5 
Kll.ylio ethyl (.'lycollnte 
(ctlu'r and i-stcr). 

CHa-Cl 

I 

coci 

Cliloroaeetyl . lilorule 
(IiuIkIo unci oci<l hulicJc*). 

CHa-ONa 

COONa 

l)iso<h>Mc. uly.-ollnte 
(lll«r<>h'iillt«* iliul Kftlt). 


Reacts as an acid 
to form 


CH.OIl 

1 

CO-OCgHj 

ICtliyi ulyeolluto 
(cHter uihI aleohol). 


CH,OH 

I 

COONa 

Rodiom Kly^^oUato 
(salt hik) alcuhul). 

CH 2 OH 


CONH3 

{arnido and 


Renclions as an Acid.^CAycoUic acid form, salts and esters, known 
as e^coZicn. and an annde. It docs not for.n an ac.d oklorKlo. 
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Reactions as an Alcohol . — Glycollic acid is oxidised by nitric acid to 
oxalic acid: 

CHjOH COOH 

I -f 20 = I + H^O. 

COOH COOH 


It forms the usual derivatives of an alcohol, e.y., ethers, halides, and 
esters in which it reacts with acids, which must be distinguished 
from the esters formed when it reacts as an acid writh another 
alcohol. 

Reactions as both Alcohol and Acid . — Finally the alcohol and acid 
groups may both react, forming the compounds shown in the centre 
column of the scheme given above. 

When glycollic acid is heated to 100* C., one molecule of it, acting 
as an acid, forms an ester with another molecule acting as an alcohol. 
The compound is called glycollic anhydride. 

HO CHa CO OH+HO CH2 CO OH=HO CH3 CO O CH2 CO OH 

-}- H2O. 


230. The Lactic Acids or Hydroxypropionic Acids, CgHgOj. — At 

first sight only two hydroxj^ropionic acids would be expected: 

CHj CHjOH 

CHOH CH, 

I I 

COOH COOH 

o.Hydroxj'propionio acid /J-Hydrox^’propionio acid 

(Ethyiidonelactic acid). (Kthyionolactic acid). 

Both of these are known, but the first of them exists in three forms 


which differ in their behaviour towards polarised light. 

231. Preparation and Constitution of Ethylidenelactic Acid (a- 
Hydroxypropionic Acid). — a*Hj’droxypropionic acid is prepared by — 
( 1 ) Oxitlation of propylene glycol, which may itself be prepared by 
gently oxidising propylene: 



CH3 


I H.,0 + 0 I I 

CH ► CH OH ► CH OH 

II I I 

CHa CHvOH COOH 

(2) By the action of water and alkalis on a-chloropropionic acid, 
itself prepared by the action of chlorine on propionic acid: 


CH 3 

CH 3 

CH 3 

1 Cla 

1 

Ba(OH), 1 

CH, 

CHCI 

► CHOH 


CO-OH 


COOH 


COOH 
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(3) By hydrolysis of acetaldehyde-cyanohydrin (§70), prepared by 
the action of hydrogen cyanide on acetaldehyde: 

CHg 


CH 


8 


H- HCJN = HO— C— H 


CHO 

CHs 


CN 

CH3 


HO C — H -|- 2 H 2 O = HO — — H + NHg 


OH C^O'OH 

These three methods of synthesis make it qnite clear tliat lactic acid 

wLn milk becomes sour certain species of 

bacUU-convert the sugars containeii in it into lactic acid. In the 
laboratory wo make a solution of glucose and add sour milk or a 

bacilli it is removed as fust as it is lormen oy 

Tcid"^^^^^^^^ irordinarily identical with 

rrrairefld::i!;rid^rs'’o\uine^ Z.. states the plane of 
polarised light to the left js formed by the 

breaking do^^'n of the glycogc (§ jj^ctic aci<i 

furmshes ‘I-® ™;,;;'''L“;ecoiiverted into glycogen during rest, the 

Sc:i?a:id oTd-lactic acid. It rotates the plane of vibration of 

Acid.^he^ .y 

perliea and in aip-er, liowovor, 

The solubilities , obtained by fermentation and from 

slightly from those ® (liffcrence between the three forms of 

talr "t ol nottablo when their elfect on polarised light Ls 
examined. 
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233. Polarised Light. ^ — Light is a transverse vibration, which, in 
an ordinary ray of light, is being executed in all planes simultaneously 
or in very rapid succession. By passage through certain crystals, 
notably Iceland spar, a ray of light is broken up into two rays, each 
of which consists of vibrations in one plane only, and is said to be 
polarised. The two rays have, for certain directions through the 
crystal, different speeds and therefore can be made to leave the 
crystal in paths slightly inclined to each other; by cutting a crystal 
oi Iceland spar at an appropriate angle and cementing it with 



Ordiniiry light: 
vibration in till 
jOanes. 


Polarised light: 
vibration in (nay) 
a vertical pluno» 


Same polarised light 
after passage through 
a solution of a dextro* 
rotatory eubstanoe: 
plane of vibration 
rotated clockwise. 





fo. — Nicol prism. 


Canada balsam, one ray may be totally reflected while the other 
jmsscs on. This arrangement is known as a Nicol prism (Fig. 38). 
If the emergent polarised ray is now incident on a second Nicol 
prism it will pass through at full intensity only if the latter is 
oriented in the .samo direction as the polarising prism; and if it is 
set at right angles to the j)(.>sition of the polarising prism, no light 

will pass through it. In intermediate 
■* positions light of varjdng intensity is 
transmitted. It is thus possible to 
find the plane in which polarised light is 
vibrating by discovering the positions in 
which a Nirol prism mu.st be set to give the maximum light or 
tlai Ii.n(ss. Now it is found that if a polarised ray passes through 
.solution.'^ of certain subst.inces, the direction of the plane in which 
the i.olarised light is vibrating is rotated through an angle which 
depemls on the length of solution traversed, the strength of the 
solution niid linally on the substance \ised, 

'I’he instnunent msed for the study of tliis phenomenon is caUed a 
polarimeter. Tiie modern instrument has many refinements leading 
to increased accuracy, but the principle is most easily' understood 
from a description of the oriLdnal typo of in.strument, A source of 
monochromatic light, a sodium flame at A, gives a beam of light 
which pa.sses through the rolari>ing Nicol pri.-.m N^ and is polarised. 
The light is then vihrat ing w holly lu one [>lane. The plane of vibration 

I Tlu. atuclout unfamiliar wit), fl„. p)K.nom.rm ..s-o. iali-.l with polarised 
hgbt should consult a text book of V]'\ 
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iB ascertained by rotating the analysing Nicol prism N, mounted on a 
graduated circle untU the maximum desrree of darkness is reached^ 
A tube T filled with the Uquid to be examined is then 
the polarising and analysing prisms. In traversing this ‘“be the 
direction of the plane of vibration of the light is rotated throu h some 
angle. In order to discover this angle the analysing pri.sm is 

rotated untU the maximum degree of darkness is “8““' ° 

the angle through which it has been rotated is measured. Clearly this 



is equal to the angle through which the plane of poIaris...ti„n has been 

rotated by the litpnd of instrument liavo been mainly 

The of measuring the ,,oint of ma.vi- 

diroeW to (a) a monochromatic liglit; (c) 

mum darkness (6) th examined at a fixed and 

arrangements for Ui 1 1 „ possible to adjust tl.e anal.v.smg 

constant temperat ir . ,mlarimoter so that it absolutely 

Nicol in ‘b« i^::rti°.re'is a range of several ilegrees over 

extinguishes ‘b« .pi.ere are several more accurate 

which darkness 1 . tpo bir/iiartz polarimi Icr is perhaps 

forms of the , j the plane-polarised light, before 

the easiest to tL hi^Lrte; this consists of 

tX :::::^i.^ra.:“c::;q;big ncd of view , .^g. ..o,i p is of 
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left-handed quartz, Q of right-handed quartz, and both are of such a 
thickness (about 3*76 mm.) as to produce a rotation of nearly 90®. 
Thus if the light were originally polarised along OA the two halves of 
the field of view would transmit light polarised respectively along 
OB and OB^; each of these is rotated by the solution; thus the field of 
view through the analyser has two halves, each illuminated by 
plane polarised light, the planes being, say, OC and 0C‘, such that 

|CQC" = |BQB^. 

Clearly, when the analysing Nicol has its plane along the bisector 
OD the field consists of two equally dim halves, and a slight move- 
ment either way makes a marked contrast in brightness. This is for 
sodium yellow light; the amount of rotation by quartz depends on 
the wavelength of the light, so that if white light be used, the two 
halves of the field assume, at the critical position, the same tint — 



Fio. 40. — Biquartz. 


a ish-violet, known as the seTisitive tint; slight rotation makes 
one blue and the other red, so that very accurate setting is possible. 
'I here are many commercial adaptations of this method, since the 
sensitive tint is easily recognised and used, even by the inexpert. 

Many substances will rotate the plane of polarised light and a 
study of tliese reveals the remarkable fact that the only substances of 
whicli the solutions* have this effect are those which have asymmetric 
molecules. 

234. Effect of the Lactic Acids on Polarised Light. — It is found on 
examination by the polarimcter that the sjTithetic lactic acid does 
not alter the plane of vibration of polarised" light. 

The lactic acid made by fermentation \vith certain pure strains of 
bacteria is found to rotate the plane of polarised light to the left 
(anti-clockwi.'^e as wo face the .source of light) and is called lajvo-lactio 
acid or Z-lactic acid. The lactic acid obtained from muscle turns the 
plane of polarised light to the right by a precisely equal amount and 

1 CrystaU of many subatoncos, e.^., quartz, rotate the plane of polarised light. 
The phenomenon is due to an osynunetric arrangoment of molecules, not to 
asymmetry of the indiv'idual molecule* 


STEREOISOMERISM 
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is called dextro-lactic acid or d-lactic acid. By methods which w'ill 
be discussed later it can be sho^'m that synthetic lactic acid is a 
mixture of these two in equal proportions. It is therefore called 

o! the Lactic Acid Molecule.— An object is said 
to be as 3 Tnraetric when it cannot be divided by a plane into two 
precisely identical halves. A syunmetrical object can be so 
A hand* is an asymmetric object; a pear, on the other hand is 
(ideally) symmetrical, for a plane drawn lengthways tlirough the 

centre of the fruit separates it into identical halves 

A test for asjonmetry which is readily apphed is based on the fact 
that an asymmetrical object camiot bo made to coincide its 

redection in a mirror. The image of a right hand in a mirror is a left 
hand and the two cannot be made to coincide.* The image of a pear 
in a mirror could be made to coincide, in imagination at least, vMth 

the pear itself. 



.. .e deci.1^ ® 

valencies of a carbon ato .u^cribing the atom, it will at onco 

of an imaginary tetrahet ro asvinincli ical and can 

be obvious that the °^;^"''VhVch are the mirror images of 

therefore exist in t«o coincide. Formuhe I and II 

each other a ml hi cb can •CH(OH)CO'OH, but 

both represent -^^™^>;rZSerr‘:^r^'nWd ly F’orund. 1 and 
they are not identica . 1 * ^ enanlio- 

II are in “--"“^^rtbe rou^s are la^ one on the other, the 
morphtnis. If any thre p., ^ po on opposite sides of 

carbon atoms Chc^mical methods do not enable one 

laivolactic. . *1 ^ 

f ^ ihn front cliiTeront Irorn tno 

naurc'Sf the .ha,.™ ..f tha outhna „f a r«ht an., 
laffhand^couhl he ma<,a to cou.cOa. 
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This principle may obviously be extended and we may say that 
any compound in which a carbon atom is aitached to four different 
groups will be asymmelric and will exist in two forms which will rotate 
the plane, of polarised light in opposite directions. These forms are said 
to be atereoisomeric. 

The three a-hj'droxypropionic acids are then: 

(1) d-lactic acid (from muscle) 

(2) Mactic acid (by fermentation) 

(3) dMactic acid (synthetic). Equal proportions old- and Z-lactio 

acids. 

236. Separation of the Two Isomerides from dMiactic Acid. — Since 
dextro- and loevo-lactic acids are identical in their ordinary proper- 
ties it might seem hopeless to try and separat-e them from the 
synthetic lactic acid containing both. None the less, the genius of 
Pasteur, who elucidated the first case of stereoisomerism by his study 
of tartaric acid (g.v. §§ 242-247), succeeded in devising three ways of 
separating these stereoLsomerides. 

(1) The first method depends on the fact that the asymmetry of 
the molecules of the isomerides manifests itself in an asymmetry of 
the crystals of some of their compounds. Just as the molecules of the 
two active lactic acids differ in the same way as an object and its 
reflection in a mirror, so do the crystals of zinc ammonium <f-lactate 
and zinc ammonium Mactote Zn(C3H503)2, 2NH,C5H60a, 2H3O 
differ in their internal structure. If the abov’e salt is prepared from 
ordinary lactic acid (d-lactic acid and Z-lactic acid) both lactates will 
be present in the product. If a supersaturated solution of these 
lactates is made and a crystal of, say, the d-lactate is added, the 
d-luctate in the solution will crystallise out on it as a nucleus, while 
the ^-lactate, having a crystal of different molecular arrangement, 
will not. '1 he crops of the d- and Z-lactate crystals so obtained can be 
decomposed by the usual methods and d- and /-lactic acids prepared 
from tlicm. Tn the ca.^e of the tartaric acids (§ 247), the crystals of 
sodium ammonium d-tartrato are visibly mirror images of the 
crystals of sodium ammonium /-tartrate. The crystals can in this 
instance be separnted by hand-picking. The cr3’stals of zinc am- 
monium lactate are not well enough formed for this process to be 
possible. 

(2) A second method of separation depends on the fact that while 
the molecules ot the two isomerides differ onl3' as an object and its 
mirror-image, the compounds of these with another asymmetric 
substance no longer differ onl\' in this way, but ore entirely different. 
T.hi.s is dilScult to illustrat-o b3’ molecular diagrams, but may be 
illustrated by combinations of simple a83Tnmetrio objects. A right- 


I Formulffl I and II 


243 


SEPARATION OF STEREOISOMERIDES 
handed and left-handed screw (A, B) are asymmetric objects which 

are mirror-images of each other. - . . i 

If we combine each of these with another screw (say nght-handed) 
we obtain two objects (AC, BC) wholly different and not merely 

mirror images. 



Right-Iianded srrow & left haiidiMi screw 

aro rninordmuges. 



Two riglit- 
liDudod 
Hcrowii 


Combinations of 

i a U-ft-lian<lod 

and a riglitdiuiulud 
Kcrew 


arc not mirror-iinagort. 


Fio. 41. 


The method used to separate the two optically active l;u l ie aei.ls 

f ft dl lactic acid is to form a salt of the latter with an optically 

from the f It i, found that i-strychnino d-lactato 

ac ive ^ ’ solubility from /-strychnine /-lactate. The two salts 

c^n be fparated by fractional cryataUisation and then decon.po.ed, 

-lltfarrronrpoaed oralnly of aay.n.notn,. com- 
fdT m:;a etu; tZT2e otul The moulde and bacteria have a 
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catholic taate in foods and can be made to assimilate a great variety 
of substances. If green mould, PeniciHium glaucum, is grown in a 
solution of ammonium dMactate it assimilates the Wactate more 
rapidly than the d-lactate. Accordingly, the latter accumulates and 
the solution becomes dextrorotatory. A complete separation is 
difficult. 

Modifications of these methods avail to separate most stereoiso* 
merides. The first method is difficult to apply, for it is not possible to 
prepare large crystals of the derivatives of many substances, nor is it 
always possible to obtain a crystal of one stereoisomeride with which 
to seed the supersaturated solution of the inactive mixture. The 
second is the most valuable method. Acids are usually combined 
with the bases strychnine and brucine; bases with d-camphorsul- 
phonic acid. The third method does not usually afford a complete 
separation, and moreover it is not always possible to persuade a 
morild or bacterium to feed upon the substance to be split up. 

^ 237. Properties of I<actic Acid. — Lactic acid, as commonly met 
with, is a thick syrupy liquid from which ordinary evaporation will 
not remove all the water without decomposing the acid. By evapora- 
tion i/i vacuo the pure acid is obtained as crystals melting at 18® C. 
Ordinary ‘s^Tupy’ lactic acid contains about 25 per cent, of lactide 
{v. below). Lactic acid is soluble in water, alcohol and ether. It is a 
stronger acid than acetic acid. 

Lactic acid when heated forms lactide, which is really an ester 
formed from two molecules of the acid, the carboxyl of one forming 
an ester with the hydroxyl of the other: 


CH, 

I 

CHOH HOOC 

I + I 

COOH HOCH 

I 

CH3 


CH* 

CH‘OCO 

I I + 2H*0. 

COOCH 

CH, 


^ctic acid when heated also breaks up to some extent into acetalde- 
hyde, carbon monoxide and water; 


CH, CH, 

CHOH = CHO 


+ CO + H,0. 


COOH 

Lactic acid forms salts with the metals and, like glycoUic acid, reacts 
both as an alcohol and an acid. It forms the analogues to all the 
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derivatives of glycoUic acid given in § 229. The student may with 

advantage try to write their formul®. 

When oxidised, lactic acid forms acetic acid and carbon dioxide: 

CHa CHa 

CH-OH + Oa = CO-OH + COa + HaO. 

1 

CO OH 

S38 Ethylene-lactic acid, ^S-Hydroxypropionic acid. Hydracrylic 

acid. CHo(OH)— CHa— CO-OH.— j8-Hydroxypropiomc acid exists 
only in one form, for its molecule is not asymmetric. It differs m 
several respects from lactic acid, giving different products on oxida- 
tion (oxalic acid and carbon dioxide), and aLso on heatmg, when 
acrylic acid (§ 178) is formed instead of an anhydride: 

CHa-OH CHj 


OH, = CH 4- HjO 


CO-OH CO-OH 

Hieher Hydroxy-acids: Lactones.— Numerous higher 
hydroxy-acids exist, and in general resemble lactic acid, ihose 
hydroxy-acids which have the carboxyl and hydroxyl groups 
BomewYat .separate.! readily lose water and form luctori^. Thus 
y-hydroxybutyrio a<-i.i readily forms y-butyrolactone when heated. 

CH,-CU,-OH ^ 

CH, — CO — OH CH, — CO 

They are comparatively stable liquids which distil without decom- 
nosition They are not formed from a-hydroxy-acids with dfii- 

tjamo phenomenon in the sugars). 


MONOHYDROXY-DIBASIC acids 

240.TartronicAcid.-The acid of lhi« typo turtronie acid 

(hydroxy inulooi'- ttutd)— CO-Oil 

I 

h-coh 


CO OH 


I 
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It is obtained by careful oxidation of glycerol with potassium permanganate. 

The only important member of the series is malic acid. 

241. M^c Acid, Hydrozysnccinic Acid, 

H00C-CH(0H)CH2C0-0H 

Occurrence and jSlereoistwnerkjm.— Malic acid is found in a great 
variety of fruits — unripe apples and grapes, mountain-ash berries, 
etc. The acid obtained from these sources is l®vo-rotatory. The acid 
made by the synthetic methods mentioned below is inactive, and a 
dextrorotatory malic acid has been prepared from it by methods 
similar to those used to split up dZ-lactio acid. 

As the syntheses (1 and 2 below) show, its formula is 

COOH 

H— C— OH 

CH, 

I 

COOH 

The C atom shown in Clarendon type is attached to four different 
groups and the molecule is asymmetric, existing in the two forma, 
cZ-malic and Z-malic acid, represented by the formulse: 




d- and I-Malic acida. 


Iho inactive malic acid is an equimolecular mixture of these. 
Preparation. — (1) Malic acid may be synthesised by the action of 
moist silver oxide on bromosuccinic acid. 


COOH 

I 

CHa -{- Brj = 



COOH COOH COOH 

CHBr + IlBr: CHBr + AgOH = CH OH + AgBr 
CHji CHa CH, 


COOH 

Succinic acid. 


COOPI 


CO-OH 

Bromosuccinjc acid* 


CO-OH 

sialic acid. 


MALIC ACID 
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HCOH 

1 +2HI 
HCOH 


= HCOH 


CH 


(2) The reduction of tartaric acid by means ot hydrogen iodide 

also gives malic acid: 

COOH COOH 


+ H3O + la 


CO OH CO OH , , . 

(3) J-Malic acid may be made from unripe mountain-ash berries, 
and these, when obtainable, are the most convenient source of the 
acid The berries are crushed and the juice is evaporated somewhat 
and neutralised %vith mUk of Ume. Calcium malate is precipitaU-d. 
filtered off and washed, and dissolved in warm dilute nitric acid. 
Calcium hydrogen malate is thus formed which can be recrystaUised. 
This reacU with lead acetate, giving msoluble lead malate, which 
may be suspended in water and decomposed by hydrogen sulphide. 
The lead sulphide is filtered off and the solution of mahe acid con- 
centrated to a syrup and left to crystallise. jn 

Properties.— acid crystallises in needles which are soluble in 

water and alcohol. It melts at 100* C. 

wLn heated more strongly. maUc acid decomposes forming 

maleic anhydride, wliich vaporises, and fumaric acid, which remains 

acid 'like other hydroxy-acids, forms the usual derivatives 
of an acid. It forms normal and acid salts with metaU. and esUrs 

with alcohols. It also forma an amide. the 

As an alcohol it is less reactive than, say. glycolhc acid, but the 
hydroxyl group will form an ester (acetyl derivative) when Heated 

with acetic anhyclrido. 

DIHYDROXY-DIBASIC ACIDS 
The only important dihydroxy-dibasic acids are tartaric at-id and 

its^mer^t^^ Acid. Dihydroxysuccinic Acid. '1 bo mole- 

culTof tartaric acid contains two asymmetric carbon atoms ^ 
well to consider at once the possible stereoisomendes v^o might 

obtain in this way. CO OH 


CHOH 


CH OH 


COOH 
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The two asymmetric carbon atoms each have the groups H, OH, 
CO-OH and — CH(OH) — CO-OH attached to them, and each of 
these two sets of groups may be so arranged as to rotate the plane 
of polarised light to the right or to the left. We may then have the 
molecules arranged in four ways. 


Rotates plane of polarised light to 



1 

•> 

3 

4 

Top carbon atom 

. Left 

Left 

Right 

Right 

Lower carbon atom 

. Left 

Right 

Left 

Right 

Whole molecule 

. Left 

1 

1 

No effect 

No effect 

Right 


There should then be a laevotartaric acid (1), a dextrotartario acid 
(4), and a truly inactive tartaric acid (2) and (3). But in the case of 




L.DVotartaric acid. Doxtro tartaric acid 



lactic and malic acids we found that the synthetic acid was appar- 
enthj inactive, being a mixture or loose compound of d- and 1-acids. 
Accordingly we might e.xpect another tartaric acid of this t\T 3 e. 

In actual fact four tartaric acids are kno^\*n. 

(i) Lajvotartaric acid. 

(ii) Doxtrotartaric acid. 

(iii) Inactive tartaric acid or mesotartaric acid, in which the two 
asymmetric carbon atoms in the same molecule neutralise each other’s 
effect. 

(iv) ‘Racemic acid,’ d/-tartaric acid, a compound of separate 
molecules of (i) and (ii). 

Since these three-dimensional representations are somewhat 
cumbrous, the positions of the groups are often expressed as a 
projection. In these projections it is conventional that the C — OH 
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and C — H bonds point above the plane of the paper; while the 
(;; COOH and the C — C bonds point below tbe plane of the paper- 

thus: 


CO OH 



C 


Thus the above tetrahedral formula? are wTitten 


CO,H 


COjH 

I. 

Lajvotartaric acid. 


CO,H 


CO,H 



a— ^ 

TT O' _ 

riH 

HO 

H 

HO 

n 

rwj 

x± 1 

HO 

• Vy AX 

HO 

H 

H 

OtL 

1 



COaH 

II. 

Dextrotartaric acid. 


COaH 
III. 

Inactive inesoturtaric acid 


The asymmetric carbon atoms are only represented by the 
junctions of the lines. Note that in the first tetrahedral reprcsenta- 
iion. the order of the groups H. OH. CO,H is clockwise in both he 
upper and lower halves, and it is laivorotatory. In the second the 
order is anti-clockwise in both, hence it is dextrorotatory. In the 
third the order is clockwise in the upper half, anti-clockwise below; 
hence no rotation. The formula written for dextro-tartanc acid was 
originally assigned by convention. Recently the absolute condgura- 
tion has been determined by X-ray methods. It was found that the 
conventional representation was. in fact, the correct one. 

243. Deitrotartaric acid is the ordinary acid found in nature, it 
occurs chiefly as tbe sparingly soluble acid potassium Urtrato 
H 0 0 C-CH( 0 H) CH(0H) C0'0K. When wine is made, thm acid 
potassium tartrate crystaliises out as argol or lees of wme, and when 
recrystallised is known as cream of tartar. This is boiled with chalk 
and calcium chloride and forms neutral calcium tartrate: 
2KHC*H40« + CaClj + CaCOs = 2CaC*H408 + 2KC1 H- CO^+HaO 
The insoluble calcium tartrate is Altered off and decomposed by 
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dilute sulphuric acid, liberating tartaric acid. The solution of the 
acid is filtered from calcium sulphate and crystallised. 

The sjTithetic methods of preparing tartaric acid yield racemic 
acid (§ 247) or mesotartaric acid (§ 248) or both. 

Dextrotartaric acid can also be made by splitting up racemic acid 
{q.v.). 

Its chemical properties are identical with those of laevotartaric 
acid and differ only in minor points {t.g.y solubilities of certain salts) 
from those of racemic and mesotartaric acid. 

Dextrotartaric acid forms large prismatic crystals with an acid 
taste. It is soluble in water and alcohol, but not in ether. It melts at 
170^0. 

\\ntien heated it gives an anhydride and then breaks up into 
P 3 TUvic acid together with other products. 

CO2H 

H-C-OH = CHs 

I I +H2O + CO3 

IICOH CO 

CO2H COOH 

Pyruvic acid. 

It is readily oxidised to tartronic acid. The equation is: 

COOH COOH 

CHOH + 02= CH-OH + CO3 + H2O. 

I I 

CH-OH COOH 

1 

CO Oil 

As a consequenc e of this reaction both tartaric acid and its salts will 
reduce a warm annnoniacal solution of silver nitrate, forming a silver 
mirror on the glass vessel containing it. This reduction is used in 
making silver mirrors. 

57 . — To Silver a Test-tube . — Dissolve 0-7 g. of silver 
nitrate in 5 c.c. of distilled water, and add three or four drops of 
ammonia {sp. gr. 0-880) (only enough just to cause any precipi- 
tate to redissolve). Dissolve 0-25 g. of Rochelle salt (sodium 
potassium d-tartrate) in 2 c.c. of water ; cool, and mix the 
solution.s. Clean a test-tube well, rinse it with stannous chloride 
solution and then with distilled water. Mix the solutions in it 
and immerse in a beaker of hot water. A brilliant mirror will 
form on the test-tube. The above proportions give good results 
but are not essential. 
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Tartaric acid forms salts with metals; the tartrates commonly 
met with, being prepared from the vegetable acid, are dextro- 

tartrates. _ _ 

244 Salts and Esters of Tartaric Acid —Potassium hydrogen 

tartrate (Cream of Tartar). KH-C,H,0„ is sparingly soluble in water. 

It is much used as a weak acid for making effervescing drinks, fruit 

salts, baking powders, etc. It can also be used as a standard for 

acidimetry and alkalimetry. 

A quaUtative test to detect potassium salts m presence of sodium 
salts is based on the sUght solubility of potassium hydrogen tartrate. 
If a solution of a potassium salt is mixed ^vith a solution of tartanc 
acid and an equal volume of alcohol, a white cryetalUne prccipiUte of 

potassium hydrogen tartrate is produced. ^ . , 

Potassium sodium tartrate, KNaC*H,0e-4H,0. is known as 
Rochelle salt. It forms large well-defined crystals. It ls used in 

silverinc mirrors and in making Fehling’s solution. 

PotaLum antimonyl Uxrtrate, K(Sb0)C,H,O«-ilI,0. tartar emeUc 
—This salt is made by heating cream of tartar with antimonj oxide 
and water. It is very poisonous and finds uses in medicine for the 

treatment of certain tropical parasitic diseases, e.g.. 

also used as a mordant in dyeing. In chemical work it affords a 

convenient soluble salt of antimony. i i , 

A’aiera.— Tartaric acid forms two series of esters which are made by 

the usual methods. Monoethyl tartrate, 

CjHsOCOCHfOHl-CHfOHlCOOH, 

is a crystalline solid, while diethyl tartrate, 

CalUOCO'CHfOHlCHCOHlCOOCaHe' 

“ tU hydroxyl groups in tartaric acid are not very reactive but it 
forms acetyl derivatives in the nature of e.stcra when it is trcateil with 

“'Ml^TMteTorTartaric Acid.— Tartaric acid is distinguished from 

nrfT'inic acids bv the teats described in § 2o^. Iho 
foUrwtag ia a useful apeeialtest. To the solution ad<l a freshly-made 
sCt™ of ferrous sulphate and two drops of hydrogen porox.de. 
A yellow coloration which becomes violet on addition of alkalis, 

incUcates a tartrate or free tartaric i.< id . 

of Tartaric Acid. -{1) Heat, noto acid vapo.dr« 

evolution of SO^. 

V'if a,,,, th.., 

(4) till whito ppt. of MilvcT tartrate, at fir«t fonm-d, 

riTol'alT.ld a nrystal of solid AgNO, and heat in a h.-akcr of boiling 
water. Silver mirror formed near cryatal. 
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(5) Add concentrated solution of tartsrio acid to potassium chloride 
solution. Cr>’stalline ppt. of potassium hydrogen tartrate. 

(6) Neutralise a portion of the acid and add calcium chloride. White 
crystalline ppt. of calcium tartrate. 

(7) To a solution of tartaric acid add a few drops of ferrous sulphate and 
then a little hydrogen peroxide. Yellow colour, becoming violet with 
alkalis. 

246. Lsevotartanc Acid. — Lasvotartaric acid is made by separating 
the two isomerides from raceroio acid (g.v.). It is precisely like 
dextrotartaric acid in all respects except in its action on polarised 
light and in the form of the crystals of some of its salts (Pig. 42). 

247. Racemic Acid.— Racemic acid (C,He08)2-2H20, is obtained 
from the racemates contained in the mother-liquor from which 
dextrotartaric acid has been made (§ 243). 

It differs from the dextro- and laevo-acids in being inactive 
towards polarised light. It forms salts which are not identical with 
the d- and Z-tartrates, differing in solubility, etc. 

Racemic acid is a loose compound of d- and ^tartaric acid. It is 
formed when solutions of these two isomerides are mixed, heat being 
evolved — a fact which shows it to bo a compound. 

The separation of racemic acid into d- and Z-tartaric acid was the 
first separation of an optically inactive substance into two active 
isomerides, and the name ractmic compounds has been given to all 
such inactive loose compounds of active isomerides. 

The methods employed were all discovered by Pasteur and they 



i'lo. 42. — Knautiomorpliic crystaU of sodium anomouium d-tortrate ond 

/•tartrato. 

are similar to those already mentioned under the heading of lactic 
acid (§236). 

Racemic acid has been separated into d- and /-tartaric acid by the 
following methods: 

(1) If sodium ammonium racemate is cr3'6tallised below 27® C. it 
splits up into sodium ammonium d-tartrate and /-tartrate. These 
form fine crystals, having the forms illustrated in Fig. 42. These have 
small kemihcdral faces (a, b), shown black in the diagram, situated in 
a manner which makes some of the cr^^stals appear like mirror images 
c»( the others. By separating the two of crystal hand and 
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preparing the free acid from each, pure d-tartaric acid and Z-tartanc 

acid are obtained. i, i j i v j 

(2) Pasteur prepared the racemate of the alkaloidal base d- 

cinchonine. As explained in § 236 d-cinchonine d-ta^rate and 

d-cinchonine i-tartrate differ not only stereochemically but also m 

other respects, such as solubility, and so are separable by fractional 

^*^^3)^lSsteur grew the mould Penicillium ghiucum in solutions of 
ammonium racemate. This mould was found to feed on the d. 
tartrate in preference to the Z-tartrate and so the former was 

destroyed, leaving the latter. 

248. Mesotartaric Acid.— Mesotartano acid, which, as we have 
seen, has the opposite type of asymmet^ m its two as^metnc 
r»nrV»An atoms 242), is different from all the other acids in that it h^ 

mcltog point (143» C.). It differ, also in solubiUty. It 

cannot be resolved into d- and Z-Urtanc acids. 

POLYHYDROXY-DIBASIC ACIDS 
Saccharic Acid and Mucic Acid. — Saccharic acid urul nujcic acid 

formal®: COOH 

I 

CII(OII) 

I 

CH(OH) 


CH(on) 

Cii(ou) 

C{>OH 

250- InTiet of tb^ of two hydroxyl groups 

HO OC-C(OH) 2 -C(OiI )2 iu furimila has In-on wntUn 

being but tho fimt fonn.ilit ih tl.e moio probable. 

tbo a“!ol"fukr„us acid „u pyrocaWebob- 

H COOH 

_ Ho':b.o„ ^ 

lOO + _L HO-OOH 

/ 

COOH 

I- *^.Vt«.r>ftrini2Holubilitvont3i'0<liumftalt. Soflitim enn 
Its chief intercut lioa m tj'® f jij^ydroxytarUiric acUl to a solution of the 

tartrate is formed. 


HC COH 
^q/ 
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MONOHYDROXY-TRIBASIC ACID 


261. Citric Acid, ^-Hydroxypropane-a^y-tricarboxylic Acid 

CHj-CO-OH 

HO-C-COOH 

I 

CHjCOOH 

Preparation and Synthesis .-— acid occurs in various fruits, 
notably lemons and limes. 

Concentrated lemon juice, prepared in Sicily from inferior and 
unsaleable fruit, is boiled with calcium carbonate (whiting) and 
water, whiting being added as long as any effervescence is produced. 
Calcium citrate is precipitated and is decomposed by a<ldition of a 
slight excess of sulphimc acid. The solution of citric acid is filtered 
off and evaporated in leaden pans till it crystallises. Citric acid so 
made may contain lead, which is objectionable in foodstuffs. The 
concentrated liquid may be treated with hydrogen sulphide to 
precipitate the lead and then crystallised in vessels containing no lead. 

Citric acid is now made by the fermentation of glucose with 
various species of mould, Aspergillus and CUromyces-, the doubtless 
very comple.x reactions may be summarised bj' the equation: 

SCflHiaO, -t- OOa = 20^11^0, + 600^ + lOHgO 

It has been synthesised from dichloroacetone, and this synthesis 
shows its compo.sition: 


CHvCl 

I 

CO IICX -> 

I 

Cil.-Cl 

l>ich]oroact.toiic. 



CH.COOH 
HO— C-GOOH 

I 

CII.-COOH 

Citric acid. 


Properties . — Citric acid forms large rhombic crystals of the formula 
1 1 tO. It is soluble in water and alcohol, but not readily in 
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ether. Citric acid loses water at 130° C., and the anhydrous acid 

The action of heat and also that of oxidising agents produces a 
variety of products. Citric acid forms stable salts ^vith the metals. 
Beine tribasic, it forms three series of salts and three senes of esters, 
atric acid is recognised by the tests given in § 252 below. It is also 
to be distinguished from other organic acids by SUhre s test. 

To a solution of the free acid or a solution of a citrate in very 
dilute H,SO,. add 2-5 drops of i^/lO-potassi^ permanganate 
solution and warm to 30-40° C. {do not boil) Wlien the solution 
becomes bro«-n by precipitation ““"Sa^ese d.o^nde 

add I or 2 drops of ammonium oxalate and 1 c.c. of per cen 
H.SO. which wUl cause the solution to become clear. On adding a 
few drops of bromine water a crystalline precipitate of penta- 

bronioctcctoD© in obtftinod. 

CH.COOH CHjCOOH CHBr, 

I O 1 1 

HOCCOOH CO + CO, + HjO CO + 2CO,+ 5HBr 


CH CO OH CHa'CO OH 

Ctl, U acKl. I-ental.n.rn. actt. ne 

'orranic”:.‘5:, ,d°“tt:fiot idtmiTur:: 

rd^r si^lar a.^ Simp,e tests for distin^nisbin, 

1- . A. 


Action of 

Oxaii<- Acifl anU 
Oxalatea. 

•I’artaric .\ci<l afi<l 
'Part rated. 

('itric Aci<l an<l 
Cl t rated . 

Concent rated 
H,S 04 on 
Bulid. 

CO -f COg evolvotl on 
hcutlnR. A'o char- 
ritvj aiuJ n<* evolution 
of SO,. 

CO, CO„ RO.^. etc., 
evolved. Kin[>yrcfi- 
riiatic oflour: and 
liquid coloure<l 

btOWD. 

Similar to 
tnrtraU'H, 

Silver nitrate 
and ammo* 
nia on boIu* 
tiuns* 

Wliito ppt. (which re- 
diBUolvea in oxcoaa «f 
enirnonia). No re- 

duction on wanning. 

White ppt. (in neutral 
or alkaline Holution 
only). Ppt. dibdulvoH 
ill ammonia and buJu* 
tion depodiU a uilvor 
mirror ut 60 ^— 7 ^* 
(Expt. r> 7 ). 

Ab for tartaric 
but the Bilvor 
mirror it* only 
p r 0 <i u 0 e d 
slowly and on 
6 et 7 tny. 

Calcium 
chloride on 
Bolutiond* 

White |>pt. of cul' iuin 
oxalate inMoluhle in 
acetic acul hut sol- 
uble in hydrochloric 
iicid« 

White ppt. oft<‘n only 
slowly forira'd, 
nhle in acclie acid. 
and K-hh Bohihle in 
liot water than in 
cold. 

No ppt. in cold 
inaitral or 

a<*id solution. 
WMiite ppt. in 

alkaline solu 
tioQ. 
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The special tests mentioned in §§ 207, 245, 251 may also be used. 


QUESTIONS 

(1) How is glycoUic acid prepared? In what respects does it resemble (a) 
ethyl alcoboU (6) acetic acid? 

(2) How does glycollio acid react with (a) sodium hydroxide, (&} phosphorus 
pent^hloride, (c) nitric acid? What is formed when it is heated alone? 

(3) \Miat formula) have lactic acid, malic acid, tartaric acid, citric acid? 
How many isomeridea of these acids are known, and what are their names? 

(4) How many acids of the formula are known? How could a 

specimen of each be prepared? What steps would you take to identify a sped* 
men of one of these acids? 

(6) Wlaat connection is there between the structure of a compound and its 
effect upon polarised light? Explain the term etereoUomeride, and indicate the 
method by which you would ascertain the effect of a given specimen of tartaric 
acid upon polarised light. 

(C) Explain the existence of foxir isomeric tartaric acids. In what respects 
do their properties differ? 

(7) How would you, starting from dibromosuccinic acid, prepare three of the 
storooij^omorides of tartaric acid? 

(8) What is the formula of malic acid? How can it be synthesised, and how 
can it be converted into malonic acid? 

(0) Compare the isomerism of maleic and fumario acid with that of d- and 
/-tartaric acid. 

(10) What are the chief uses of tartaric acid and its salts? How would you 
distinguish tartaric acid from oxalic acid and citric acid respectively? 

(11) How many stereoisomerides (if any) of the following formulas would 
you expect to exist: — 

(1) (CH3)2CCH2-C«H^ 

COOH. 

(2) HO OC CH(OH) CH{On) CH(OH} CO OH. 



CHAPTER XVIIl 


ALDEHYDIC and KETONIC ACIDS: 
THE ACETOACETIC ESTER SYNTHESES 


ALDEHYDIC ACIDS 

Only one acid containing an aldehydic ^oup is of sufficient 
importance to be mentioned, viz., glyoxylic acid, CHO. 


COOH 

iBOXidiaod {§ loo), oui iv in ucav ^onn .4 will not Od Q rule remain on a 

aSi pra.um.bly brat fommd mrd than 

breakB up, giving glyoxylic scitJ* 


cHa2 


i 


+ 211*0 


•OOH 


CH(0II)8 

I + 21101 

CO OH 


CH(0H)2 

COOH 


CHO 

I + HaO 

COOH 


It ie a cry«taUine .olid which is eaei.y soluble in water. It ie readily oxidi.-d 
to oxaUc ac^d and reduced to glycolhc ocid. 


CIL-OU 2H +0 


io. 


OH 


d’o* 


OH 


CO OH 


... I .wi .w fTnnkin.s and Cole’s reagi'nt in testing for the 

Glyoxylic acid i« employ^ hydrolysi. of many proU ins. It gives a 

amino-acid ^eid eolution of glyoxylic acid suitable for tins 

Inducing ox.b. .rid witb ,„ugn..lu.„ po.vdor. 


KETONIC ACIDS 

• 1 n. oarbonvl group as well as one or more 

car“yo«ps. The table on p. 258 fives a Ust of .hv more im- 

portant; many others oxmt acids, according to the 

; 4 ' «; »’ ““ 
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lettered a, y, etc., counting the carbon atom attached to the 
carboxyl group as the a-atom. 


o-Ketonic 

^•Ketonic. 

Monobasic. 

y-Ketonio. 

CHg 

I 

CO 

CH 3 

1 

CH, 

1 

1 

CO 

1 

CO 

1 

COOH 

CHj 

1 

I 

CH* 

1 

Pyruvic acid. 


COOH 

CH* 


Acotoacotic acid. 

Dibasic. 

1 

COOH 

LsvuHc acid. 


COOH 

CO 

I 

COOH 

Mesoxalie acid. 


COOH 

I 

CO 

CHa 

CO-OH 

Oxalacotic acid. 


MONOBASIC a-KETONIC ACIDS 

354. Pyruvic scidi CH 3 'CO*CO*OH, obtained by distilling tartaric acid 
(§ 243), iA tho siinplo.^t of those. Its constitution ta made clear by the fact that 
it can bo made by hydrolysing acetyl cyanido: 

CHa-CO CN + 2 H 2 O « CH 3 CO CO OH + NH 3 . 

It is a li<|uid boiling at 165—170® C,, and is a fairly strong acid. It has the 
reactions of a kotono, forming additional products with hydrogen cyanide, etc,, 
B.A \Tv\\ ns tlio reactions of un acid. Its role in procesHoa of fermentation ia 
dif^cuHaetl in § 3ulb. 


MONOBASIC ^.KETONIC ACIDS 

255. Acetoacetic Acid, CHa CO-CHa-CO OH— This acid is of 
considerable importance in view of the use made of its ethyl ester in 
synthetic reactions (§ 258). 

Acetoacetic acid is prepared by carefully hydrolysing the ester, 
which is made as ilescribcd in § 256. 

It is a liquid miscible M-ith water, and is a fairly strong acid. It 
gives a red-violet colour with ferric chloride. It has the usual 
reactions of a ketone and an acid. 

256. Ethyl acetoacetate, CH 3 CO CH 3 CO OC 2 H 5 , is made by the 
action of sodium on ethyl acetate conta inin g a little alcohol. 
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acetoacetic ester 


The reaction known as the Claisen condensation appears to have 
the following stages. 

Reaction between the sodium and alcohol leads to the formation 
of the ethoxide ion. 

[EtO]“. 

The electrons in the double bond of the C = 0 group ot ethyl 
acetate tend to move towards the oxygen atom. This leads to a 
genera! drift of electrons away from the methyl group towards the 

carbonyl group. 

HaC-^C — OKI 

(^W 


Tliis effect tends to loosen one of the hydro^.en atoms ol the 
methyl croup. The negatively charged ethoside then pulls th 
“:sen'd®hydrogen away from the methyl group. The hydrogen ts 

pulled olT as a positive ion. 

- -1^+ ■ ■ - OKt 



(I 


I'hi.s gives 

fEt01-|I+ 




— OKt 




The carbon of the methyl group now has an excess of electrons and 

is towards the oxygen atom in the 

Meanwhile group in another molecule of ethyl 

^cTr'nlefth^ea'rhon a^ontof Jhat group with a alight poalt.ve 


charge. 



Ill) 


The carbon with the negative 
the positive charge in (ID an.l 


charge in U) attracts the carbon 
lejuls to the formation ot 


with 
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O- H 

I I 

HgC _ c — C — COOEt 

I I 

0 H 

Et 

Two of the electrons of the C=0 bond have moved on to the 
oxygen atom giving it a negative charge. The EtOH shown by the 
dotted lines now eliminates leading to the formation of 

O- H 

1 I 

HgC — c = C — COOEt 

(in) 

The sodium salt of this compound separates &om the mixture. 
This is the sodium salt of acetoacetic ester. When treated with 
acetic acid it gives the ‘enolio’ form of the ester. 

CHg— C = CH— COOCgHg = CHg-CCOH) = CHCOOCgHfi 

ONa + CHgCOgH + CHg-COONa 

The ester, as wo shall see, exists in two forms in equilibrium, 
known as ‘enoUc’ and ‘ketonic,’ and may be represented as: 

CH 3 C(0H)=CH C0 0C2H5 ^ CHg CO-CHg-CO-OCgHg 

Knolic fonn« K&tonic foroi. 

Expt. 59 . — Preparation of Ethyl Aceioacet^Ue . — 100 G. of dry 
ethyl acetate containing a trace of alcohol are placed in a roimd 
flask fitted with a reflux condenser, and 10 g. of clean sodium 
in very thin slices are quicklj^ added. The reaction may become 
too vigorous, in which case the flask may be cooled by surround- 
ing it with cold water. When the reaction abates, the flask is 
heated on the water-bath until no sodium remains. The liquid 
is removed and allowed to cool. The acetoacetic ester is now 
present as the sodium derivative, which is decomposed by 
adding 50 c.c. of 60 per cent acetic acid. An equal volume of 
saturated salt solution is then added, when an upper layer 
separates, containing ethyl acetate and acetoacetate. This is 
distilled until the temperature reaches 100* C., thus removing 
the ethj’l acetate. 

The residue of ethyl acetoacetate is best purified by distilla- 
tion under reduced pressure, b.p. 79*/18 mm., 94*/45 mm., 
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100° ISO mm. A somewhat inferior yield is obtained by distilling 
under atmospheric pressure and collecting the fraction boiling 
between 175° C. and 185° C. 

257. Tautomerism. — When two isomerides are in chemical 
equilibrium with each other, they are said to be tauiomerides or 
tautomeric forms , and the phenomenon is known as tautomerism. 

Acetoacetic ester presents the most thoroughly investigated case of 
tautomerism, the chief facts bearing on the case being the following: 

(1) Acetoacetic ester reacts additively with hydrogen cyanide 
and also with sodium bisulphite in the same manner as a ketone, 
and when h 3 -drolyaed with dilute sulphuric acid gives acetone, 

ethyl alcohol and carbon dioxide. 

These reactions can only be accounted for by assi^ng it the 
formula CHa-CO-CH^-CO^Et. (Et = abbreviation for ethyl.) 



CO 

CH 2 + H-OH 

I 

CO-OEt 


CO 

1 

CH 3 

-h COx + Eton. 


(2) Acetoacetic ester reacts with ammonia and gives an un- 
saturated compound, / 3 -aminocrotomc acid. Moreover, it reacts with 

bromine like an unsatiiratcd compound. . . r 1 

These reactions are only explainable by giving it the formula 
CH 3 — C = CH— COzEt. 


OH 


CH3 

con 

11 

Cll 


NH 


CIIs 

1 

> C-NHj 


CH 


CO,Et 


CO,Et 


ril From the pure ester at very low U-mperatures it has been 

found posable ^separate two compounds which have respectively 
louna pos.sio of the pure enol and keto-forms. At 

low temperatures these attain equilibrium very slowly but on 

to become warm, they both booomo .dent.oal w.th 

ordinary acetoacetic ester. 
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This and other evidence, not det-ailed here, makes it clear that 
acetoacetic ester is an eqiiilibrixim mixture, and may be represented 
as: 


CH3 

CHa 

I 

C-OH ^ 

CO 

II 

1 

CH 

CH3 

1 

CO^Et 

1 

COgEt 

Enolic form. 

Kctonic form. 


At the ordinary temperature it contains some 7-5 per cent, of the 
enolic form. 

258. Synthetic Use o! Acetoacetic Ester. — Acetoacetic ester 
readily forms a sodium derivative when it is acted on by sodium or 
treated with sodium ethoxide. The exact mechanism of the reaction 
is not very certain, but it appears that one of the hydrogen atoms of 
the methylene group is replaced by sodium. The whole of the ester is 
thus converted into the sodium derivative: 

CH3 CH, 


CO Na C — O- 

I II Na+ 

CH, CH 

COjEt COOEt 


This sodium derivative* is a reactive solid, and the sodium in it 
readily reacts witli halogen when it is heated with alkyl halides, the 
alkyl grouj) attaching itself to the o-carbon atom. Thus, when it is 
heated with m(?thyl iodide, ethyl mothylacetoacetate is produced. 


CH3 

CHj 

1 


CH, 

t'O Na 

1 

CO 

CH3I 

CO 

1 — ► 

1 (+H) 


1 (+ 

1 

CHNa 

1 


CHCH3 

1 

! 

COaEt 

1 

COjEt 


COoEt 

Acot<»KCOtjC 

Sodium 

Motlndacetoacotio 

ostor. 

derivative. 


ester. 

^Tho eodium derivative ta hereafter formulated CHn — CO 

COOEt. This IB done for convenience; 

the correct formulation is 


equation. 
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Methylacetoacetic ester can form a second sodium derivative from 
which, say, ethyl dimethylacetoacetate can be made. 


CH 3 

CH 3 

CO CHgl 

CH 3 

1 

1 

CO Na 

CO 

1 

CHCH 3 

CNa-CHg 

1 

ClCHala 

1 

COjEt 

1 

COjEt 

COaEt 


These methylacetoacetates may be hydrolysed either to kelonea by 
means of dilu'te sulphuric acid or to acids by means of alcoholic 

^ Thus from ethyl dimethylacetoacetate, by hy<lrolysis with dilute 
sulphuric acid, we can make methyl /.-iopropyl ketone: 

CH 3 ‘^■^3 

I 1 

CO 

I /CH 3 
CI1( 

-I- COa+ CjIIfiOH 


ClCHslz H 


COoEt 


+ 


OH 


whUe by hydrolysis with alcoholic potash we make i.sobutync acid: 


CH 


a 


CH^Co k-CO.lit = C11, C0 oil + 

I (li'4 

CH3 

+ HOH + HOH 

Since any alkyl groups can bo i.itroducc.l instead of the methyl 
trps "n tl.o'^above 'description, it is possible to make a great 

number of fatty acid.s and ketonc.s in this way. 

These are tlw most important synthetic reactions of acctoacct c 

ester, but numerous other compounds, mostly cyclic, can be made 
from it. 

ExiA m —Preparation of .yUtfojl Propyl Ketone.— G. of 
sodium are cut into small portions ami dissolve! a httlc at a 
time in 35 g. of alcohol, previously well dried over hmo (§ 3G). 
To this solution are added, first 16 g. of c-thyl ucetoacetaW. 
then 20 C. of ethyl iodide. The mixture is then heated on the 
water'bath till it no longer colours litmus blue ( 2 i hr.). J he 
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REACTIONS OF ACETOACETIC ESTER 


Acctoacctic Ester 


CH, 

CO 
I 

CH, 

COOEt 


CH, 

C(OH) 

U 

CH 

t 

CO OEt 



CH,R 
Ketone 
♦ COj^EtOH 


CHjCOOH 

R CH,-COOH 
f atty Acid 




R • Br 


Aikyi Brom^ 


Ethyl 
AJhyUcetoacciate 


CH, 

I 

CO 
I 

CH-Va 

I 

COOEt 

Sodium 

Derivative 


^Sodium 


CH, 

CO 

I 


R'Br 


CR&I^ 

CO-OEt 
Ethyl Sodio 
alitylacctoacetatc 


Aikyi 


CH, 

) 

CO 

crr' 

CO,Et% 

Ethyl 

Alkyl -aJkyl- 

aceioacctace 

R 



CHjCOOH 

+ 

CH COOH 


Fatty Acid 


alcohol is distilled off on the water-bath and the residue is mixed 
with a little water, and then extracted ^Wth ether. The upper 
layer is liried over calcium chloride. The ether is distilled off 
on the waUT-bath and the remaining oil fractionated, the 
portion boiling at 11)0®-190® being collected. This is ethyl 
cthylacetoacetate. 10 G. of this liquid are placed in a 250 c.c. 
round-bottomed flask with 100 c.c. of dilute sulphuric acid 
(1:2) and boiled under a reflux condenser for three hours. 
'I’he liquid is well cooled and extracted with several successive 
portions of ether (25 c.c. each). The ether is distilled off on the 
water-bath and the 0U3' residue fractionated, the portion 
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boiling between 95° C. and 102° C. being collected. This is 
methyl propyl ketone. 

269. Similar Tautomeric Compounds.— Any ester of the type 

B CHa — CO-OEt where R is an acidic grouping, e.g., carbonyl or 

cyanide, is tautomeric and can exist also in an enolic form R — CH 
=C(OH)OEt. 

Thus malonic ester, CiHs-O CO CHa CO O-C^Hs and oxalacetic 
ester’^ EtO'OC-CO-CHj-CO-OEtaro both tautomeric and are valuable 
synthetic reagents. They form sodium derivatives like those of 
acetoacetic ester and from these alkyl derivatives may be made. 


Thus: 

COOEt 

Malonic ester CHa forms 

CO OEt 


CO OEt 

I 

sodio-malonic ester- HC Na 

I 

COOEt 


from wliich by the action of an alkyl haUde (say) ethylmalonic ester 

COjEt 

1 

HCC2H5 

1 

COoEt 

can be made. This again gives a sodium derivative 

COjEt 

NaC-CallB 

1 

CO^Et 


from which we can make, say, diethylmalomc ester 


CO,Et 

C.IlfiCCjH*. 

I 

COtEt 


These esters when hydrolysed give monoethyl- and diethyl- 
malonic acids, which it would be difficult to prepare otherwise. 
Moreover, these acids, when heated, break up and give fatty acids. 

» AIho cyanoacctic eater, heazoylocotic e«Wr. etc. 

* Sodio-malonic eater ia more correctly written 

Na (;n(( OOJ:t)2 
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COOH 


CjHb— CH— C,H 




C^H^— O-CoHg ^ 

I 

COOH COOH 

Diethylmalonic acid. Diethylacetio acid. 

This reaction thus affords a valuable means of making any fatty acid 

R. 

Nchco.h. 


of the type R-CHj-CO-OH or 


R 




SYNTHESIS OF FATTY ACIDS FROM MALONIC ESTER. 

Bdalonic ester. 


COOEt 

1 

COOEt 

! 

CHj 

CH 

1 

II 

CO OEt . 

C(OH) 


1 

OEt 


COOH 


CHR -<■ 


H 2 O 


I hydrolysis 

COOH 

A]I<yl>na]c)iiio 

aoi 


Heat 


CII 2 K 

-f CO 
CO-OH 

l-‘nltv ar-iil 
[alk'yjJ^trctic 

'trul). 


CO OEt ^ CO OEt 

I RBr I 

. CB.R< CHNa 

I alkyl halide. | 

COOKt COOEt 

Alkvlinult^nic Sodio*malunic 

I'stor. ester. 


Sodium 
COOEt 


RCNa 


COOEt CO-OH 

R'Br I H 2 O I 
^CRR' RCR' 


alkyl hnlitio 

CO-OEt COOEt COOH 

Sodio-alkylianlonic DialUylmalonic Dialkylnmlonic 
ester* ester* acid. 

I Heat 

R-CHR' 

1 +CO 2 

CO O H 

V atty acid 
{dialkytacdic oc {<l ) . 
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-j-KETONIC ACIDS 

260. Lsevulic acid, CHa-CO CHo CHj COoH. and its esters have none of 
the tautomeric properties of acetoacetic ester. It has kctonic properties, giving 
an oxime and plienylhydratone {§§ 112, 409). 

DIBASIC KETONIC ACID 

261. Mesoxalic acid, HO OC— CO— CO OH. can bo made by oxidising 

glycerol (§ 201). It is best made by the action of barium hydroxide solution on 
libromomalonic acid. Instead of dihydroxymulonic acid (which would have 
two hydroxyl groups on one carbon atom) rocsoxalic acid w formed. 

COOH CO-OH 

CBra + Ba(OH )2 = CO + H 2 O + BaEr^ 

ioOH COOH 

It behaves lilco a ketone in forming addition products, but since it and its 
compounds aomouhat firmly retain a molecule of water, it is possible that it 

COOH 

can exist botl. as dii.ydroxymalonic acid, I10-(LoH. and a, a ketonicacid, 

CO OH 

Tbc bvdra.e of mesoxalic cstcr -occntly been prepared by 

oxidising' nialoiiic ester with selenium dioxide at 12U —130 C. 


CO2H 
1 

CO. 

<1:02H 

0A9 n-ralftrpHc acid. IIO OC CO CH2 CO OH. much resembles acetoacetic 

ethoxido on a mixture of tt j othvl aeotoacetate. and forms 

L : uaem. .y.dbet,c rea.e„t 

for preparing ketonic ocici«» t'tc. 

questions 

(I) What is meant by tautomerism7 Give an account of the ovidonco for the 

effect of liydrolymng the fonn. r ^^ ..rttor’ to synthosiso (a) methyl ethyl 

(3) How at-ifiv Give pruc-ticol deUilH in one case, 

ketone, (6) propionic you synthesise (a) iliethylrnalonic acid, 

(4) Using malonic ester, now woum jy •» 

(b) normal butynV acid ^ .,.ketonic acid. .Which, if any. of 

(6) Write tho foriruilio of an a-, u fi-, aim u , 

theeo aro tautomeric and why? 
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THE CARBOHYDRATES 

263. Carbohydrates. — The term cjarbohydrate is applied to a class 
of compounds which are either sugars {§ 264) or may be readily 
converted into them by hydrolysis. The name is taken from the fact 
that they contain only carbon, together with hydrogen and oxygen 
in the correct proportion to form water. Their formula may there- 
fore be expressed as C^.(HaO)y. The carbohydrates are, however, in 
no way comparable to the molecular compounds of various substances 
with water of crystallisation, commonly known as hydrates. Among 
mau3^ less important members, the group contains the sugars, 
glucose, fructose, maltose, lactose and sucrose, and starch, which 
form a substantial part of the human diet, and also the industrially 
and biologically important cellulose, the essential part of wood, 
paper, linen, cotton and vegetable fibre in general. 

264. The Sugars. — The carbohydrates are of four chief types: — 

(1) Monosaccharides mostly of formula C«Hi30e^ (e.gr., 
glucose, fructose). These are not affected by^ hydrolysis. 

(2) Disaccharides of formula Ci2H220ii (c.j?., cane-sugar, 
maltose, lactose). These are easily hydrolj^sed to 2 mole- 

Sugars cules of monosaccharides. 

(3) Trisaccharides of formula Ci3H830ia {t.g., raffinose). 
These are easily hj'drolj'sed to three monosaccharide 
molecules. 

(4) Polj'saccharides of formula (C^HioO^ln, where n may 
be from G to 200 (c.^., cellulose and starch). These also 
maj' bo hj’drolj'sed to many disaccharide or monosac- 
charide molecules. 

Since di-, tri- and polj’-saccharidea can all be hj’drolysed to mono- 
saccharides it is most important to imderstand the structure of the 
latter. The elucidation of the structure of the carbohj'dratea has 
been a task which has engaged some of the greatest masters of 
organic chemistrj' and the problem is not completely solved to-day. 
The structures of most of the more important carbob3’drates are w’ell 
understood, but it is significant that the structural formula of so 
important and abundant a compound as cane-sugar is still uncertain 
in some details. 

^ 13iit also of fonuula where x ia any number from 3 to 9. 

208 
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STRUCTURE OF GLUCOSE 

The foundation for our study of the sugars will be a study of the 
formulae of d-glucose (the commonest of sugars and the most im- 
portant from the physiological point of view) and d-fructose, the 

next most important. . 

265. Structure of d-Glucose.— Glucose is found in natme m most 

fruits and in the blood of animals in smaU quantities. It is moreover 

produced when starch or ceUulose is hydrolysed by boding with 

dilute acids. These methods of production, however, throw no light 


on its structure. . ^ u- u 

Its formula is It reacts iritb the reagents which react 

with -OH groups. Thus with acetic anhydride and sodium aceta^ 

rSves a ^nta-aoetyl derivative, C.H,0(0 CO-CH,), and anth 
Ifhyl sulphate and alkaU it gives a penta-methyl her 

C.H.OiO-CH,),. Glucose evidently contains five hydrotyl groups. 

In its reactions a-ith hydrocyanic acid, phenyUiydrazine and 
hydroxylamine, it behaves like an aldehyde forming addition and 
c^ndenLtion products (§ 70). It is also, like 

reducinu agent. These and otlicr facts led to the formula I being 
^ven fm ilucose aliich would bo peiitahydroxyhenyl aldehyde. 
?rfotut expUins its reactions fairly aCl, hut fade fo exp am 

why it does not form an aldehy.le-ammoiua or a 

plnd (§ 70). and most notably it does not explain the existence 

two different stereoiaomeric forms oid- or /-glucose. 


0=C— II 


H-C OH 


H— C— OH 


H C OH 


H c oil 


II.C.OII 


In the formula I there are q ^ C— U 0=C— H 

four asymmetric carbon | | 

atoms (bold t>T>e) and since H-C OH H— C— OH 

each can give two stereoiao- | | 

meric forms there should be H CUH HO C H 

2* = 16 different substances of | I 

that formula, each of which U C OH H— C— OH 

should be a different sugar. | I 

Most of these are known and H.C.OH H C Ull 

d. glucose was shown by a re- | 

mlrkable piece of work which H-O-OH OH, OH 

cannot be detailed here to I 

have the ave hydroxyl groups U ^ 

in the positions indicated in Older formuJa for gluc 05 e. 

formula II (the method ot 

projection described on p. 248 being used). 

livflroxvl finnips in J-glucoHO is not 
Tho assignment of tlio grouf. uttacl.cl to the curhon atom 

_i »...» if in r»*liitivy to th” n\<*r v ► t to tho riLilit or 


h_o-oh 


HO— C— H 

H— C— OH 
H— C— OH 
CHoOH 


deCer;nInc.d n:.lativo to this f ^;‘\7-'3UrThi7iH i^ocrau.so d-glucoso can bo 
hydroxyl is ' 
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synthesised from d-glyceraldehydo. In all sugars derived from d-glyceraldehyde 
the arbitrarily placed hydroxyl is put to the right of the chain and the sugar is 
called a D sugar. In sugars derived from Z-glyceraldehyde, the hydroxyl is 
placed to the left of the chain and the sugar is called on L sugar. The capital 
letters D and L refer to the arbitrary placing of the hydroxyl attached to the 
carbon linked to the CHoOH group. The small letters d- and U refer to the 
direction in which the sugar rotates the place of polarisation of plane-polarised 
light. It must be stressed that a D-sugar is not necessarily a d-sugar; for 
example D-ribose is actually on 1-sugar. 

Now it was found that not one, but two D-glucoses apparently of 
this formula existed, readily interconvertible and differing only in 
their optical properties. This is not accounted for by the above 
formula and requires one with five asymmetric carbon atoms. This 
and other facts led to the formulation by Emil Fischer, of a ring 
structure for glucose. Fischer believed a five-membered ring to be 
formed, but Haworth by arguments which cannot be detail^ here, 
showed that glucose contained a six-membered ring. 

The formula finally adopted for 
a-D-glucose is III, w’hioh may be 
UTitten as in IV. It is readily seen 
that this formula has five asym- 
metric carbon atoms (those in the 
ring) and so accounts for the 
existence of a-D- and /S-D-glucose, 
which formula II does not. Since 
tlicre is no free aldehj^de group the 
slight divergence of glucose from 
the normal aldehyde properties is 
explained, but it will be easily seen 
that the breaking of the ring would produce the aldehyde group and 
that, to oheniionl agents energetic enough to break the ring, it would 
react as an aMehyde, It i.s the conversion of this — CHO group into 
= C}I(()1I) in the ring wliicli enables a- and j3-isomeridc3 to exist 
(pp. 1*74, ITS). 


H OH 

' / 

C 


HCOH 


CH.OH 


HO C H 

H C 

O, H 

i 

TV’" 

OH V — 
1 

\i 

H-COH 

•C' OH 

1 

1 

H-C 

1 

) 

H 

OH 

CH.OH 

III. 


IV, 


O 


CH.OH 

I • 


H 

I 

c 

^\OM 
OH c- 
\i 


o HO 

^ r ■ > 


c 

OH 


formula 

lor 


CH;OH 
H d-OH 

I ' * 

c 

TV OH 
OH X 


I 

H 


O 

OH 


Transfonnod to hydroxy- 
alijtdiydo if ring broken 
ami one hydrogen atom 
tiaiisforred. 

( blent ieal with Formula IL) 


266. Structure of D-Fructose. — Very similar argumenta led to tho 
(^stabliHlunent of u ring-formula for fructose. It lias tho formula 
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C.H„0, and forms a penta-acetyl derivative and a pntamethjd 
ether, as does glucose. D-£mctose is laevo-rotatory and can also be 
called l-fructose. We are therefore led to suppose that it has fave 
hydroxyl groups in its molecule. It has powerful reducing properties, 
but unlike glucose docs not reduce bromine to hydrogen bromide. 
It shows the reactions of an aldehyde or ketone, forming a phenyl- 

hydrazone, an oxime, a cyanohydrin, etc. 

These reactions of fructose are consistent with aldehydio or mth 

ketonic properties. However, its cyanohydrm can be hydrolysed 
to a hydroxy. acid which, when vigorously reduced with Ph°sp>i°rus 
and hydrogen iodide jields mcthyl-butylacctic acid. Consequently 
the =CO ^oup must be the second group ,n the chain, and fructose 

must be ketonic, not aldehydic: 

CHvOH 


CH.OH 


CHa'OH 

I 

CO HOCCN 

1 HCN 

CHOH 


CH 


HOCCOOH 


HCCOOH 


HoO 


P+ HI 


CH OH 


CHOH 


CH OH 


CH OH 

i 

CHOH 


CH 


CH 


CHOH 


CHOH 


CH*OH 

Fructose 
(old formula). 


CHjOH 

CyanohytJriii. 


CHOH 

CHa-OH 

Hy<Jr<)xy-uci<J. 


CH 


CH, 

aciil. 


, , . f'lK) ertnip. normal lieptoic acid 

for if fructose had a iermnud -OilU I ’ _CO OH aroup in 

would have been produced. Ihe poM um . j croup as 

the acid actually formed sett «t^^ t .c ^ 

CHoOH 


CO 

1 

HO C H 


HCOH 


11 coil 

CIljOll 


V. 
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This formula has three asymmetric carbon atoms. There should 
therefore be (p. 253) 2^ = 8 different sugars of this formula, but in 
fact only two or three of these are known. The formula V here given 
for fructose proved itself unsatisfactory for reasons similar to those 
given under glucose. Thus, though an a- and )3-fructose have not 
both been isolated, a- and /8-methylfructosides exist which could not 
be accounted for on formula V and require formula VI with four 
asymmetric carbon atoms. 

As a result of the work, first of Emil Fischer and recently of 
Haworth, a cyclic formula for fructose has been established (VI). 

The ring is, as in the case of glucose, readily broken, when fructose 
reacts as a ketone. 

H H 

H C q CH.OH H C— OH CH.OH 

M • I • 

c. H OH.C C OH>C 

oh\ .c oh oh C 

OH H OH H 

ri-D -Fructose often reacts as a hydroxy-ketone. (Identical with V.) 

The formula VI is often distorted and written as VII for reasons of 
convenience in printing. 

267. Shape of Sugar Molecules. — The use 

of atomic models at once shows how likely is 
the formation of a ring system in a 5- or 6- 
meinbered chain of carbon atoms. If we re- 
member that the valencies of a carbon atom 
are distributed as if to the corners of a tetra- 
hedron surrounding it (see § 20). it can b© 
showu that they uill be inclined at an angle 
of 109® 28' to each other. Accordingly a 
system of five carbon atoms ^vill form a 
horseshoe-shaped figure which is very readily 
bridged by the oxygon ‘lactone’ atom as 
in formul® III, VI above. If we construct 
a model of the glucose molecule from spheres 
(of sizes proportional to the spaces shown by 
X-ray measurements to be taken up by the 
C, H and O atoms in molecules) joined by 
connections set at the correct angles we obtain the arrangement 
shovTi in Fig. 43. It is at once clear tliat a ring formula is one 
which would be expected to be formed easily, and to involve no 
strain such as might be involved in the of the 

natural direction of the valency bonds. 


CH,OH 

I 

I— <HO) C 
I 

HO C H 
1 

Q H • C • OH 

H C OH 
I 

' CHj 

VII. 
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268. The Monosaccharides. — 

Monosacchari(lc«i may be defined 
as sugars which cannot be 
further liydrolysed to simpler 
sugars. They may conUin from 
three to nine carbon atoms and 
are classed as trioses, tetroses, 
pentoses, hexosea, beptoses, 
octoses and nouoses according 
to the number of carbon atoms 

contained in them. 

Most of these classes are rejire- 
sented by only a few indivi.luals 
and are of small importance. A 

few pentoses are foun.l i.. nature^ ......P.m-s an- of some theoreti<-aI 

notably arabmose ( .,H r<.blem of discovering 

interest as having b.-m > ‘ ^ ^ to each of the hexos.^s. 

the exact structural tormnla 1<J I*' a t- 

^ ^ ,, , i..,ir I.. 

289. The Pentoses, « 



Fi„ 41 of M<))<tii1o of 

'Dm- M uck KpiKTCH 

M . uii.on iito!iw. tlio i?r.‘y 
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Ji.if Ki-I.- t<-.s l.ydrogiu utoiuu. 


■J i.- I 


ullUUfi 


If 


H 


< /M 




i • 1 


< H H 

IJ \ I * 

M 


J 


N 


/ 


\ i 


1) \ , I * 

K^ h of tl.cf-MJf I> ' *• " ' 
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\ 
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W 

•Ai 


>1 


a 1 ' nil. 


• r *J' on \p 278. 

Thr eiwO-ow of -'*1 I. f '■ ' _ ^,,1.. ti,.. f,.rM..ilu, for tJ.« 

TL« -lu.lrol 
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forms, a-, fi-, D, and L. derivable from the four pentoses. This will make the 
principles of the isomerism really clear. 

The best-known pentose is L-arabinose. Ribose is of interest as forming a 
part of the molecule of nucleoproteins (§ 619). 


270. Arablnose» OsHiqOs, is obtained by boiling gum arabio with 
dilute acid. It is occasionally found in urine. It is dextrorotatory. 

It forms white crystals, which melt at 160® C. In most respects it 
resembles glucose. It is a reducing agent, and is readily oxidised, 
first to arabooic acid, CH 2 (OH)*(CH‘OH) 3 -CO*OH, and then to tri- 
hydroxyglutaric acid, HO’C)C*(CH-OH) 3 *CO’OH. It is reduced to an 
alcohol arabitol, CH 2 (OH)*(CH-OH) 3 *CH 2 -OH. It may be converted 
into the hexoses by the cyanohydrin s^Tithesis outlined below 


II-COU 
HC-OH O 
IIO-C-II 

I 

irocH 


H-C’H 

I _ 


CHO 

HC-OH 

I 

IIO-CH — 


HO 


•i.H 


HO 


CN 

) 

H-COH 

! 

HC-OH and 
-i-H 


CN 

I 

HO-C-H 


•i 


I 


( 


I.-.A t'ubiiioso 
COOH 
H-r-OH 

I 

llO-CH 


CH.,OH HOC-H 

I 

CHgOH 

Aldohyclic form Cyaiiolijdriiia 


HC-OH 

I 

HOCH 

HO-C-H 


hydrolysis 


CHg-OH 


COOH 

I 

IK) C H 


- CO 


and 


HOCH 

I 


H-C-OH 

HOCH 

HO-C-H 




HC-OH 
<.) ( 

H-C'OII and 

I 

C H 

I 

HO-C-H 


CO 

HO-C-H 

“ nioH 


H 


■i 


HOCH 

I 


i'HoOlI CHo-OII CH^-OH 

L'.Mauiiwnic- Ar id •lucoiiic Acit.1 -L-Mannonolactono ^ -L-OlucoDoInctone 


^1 Iytln>.\y#icitls) 


(Lactones) 


Rc<hiction 

^ 

Sodium Aiiuil^iun 


HOCH 

1 

HC-OH 


O 


H-C-OH 

I 

HO-C-H 


C-H 

(!'n«- 


ou 


L- Mannoso' 


IIOCII 

I 

IIOCH 

O I 

H-C-OH 

I 

llO-C-H 

I 

C.H 

I 

CHa-OII 
L^Glucose^ 


' Starting with D-Arabinose, D-Mannoso and D-Cihu o^-) are obtained by a 
similar route. 
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Arabioose and other pentoses, when boiled with dilute hydro- 
chloric acid, give the volatile furfuraldchyde: 



H 


HC 



-O 




+ 3H2O 

CHO 


H 


This reaction is of great use for detecting pentoses, tor furfuralde- 
.ydM§ 549)"s easUy"^deteoted by giving a strong red colour wdb 

iniline acetate* 

Xvloae is formed by hydrolysing straw, wood. etc. It resembles 
rrabtose cloX. iJe and Uj.ose also have very srnrdar pro- 

perties. 

. _ ti r\ ■■ ^rho hexose? include ull the im* 

“atu“n’osaceh«oses. G'-”- 

Lctoae are of sufficient importance to be .liscussed h . 

272 Glucose, D-GIucose, Dextrose, CeH„0..H,0.— 

disouseod in §§ 300, 301. 

I an-ntlifticiillv bv Bovorul methods, 
D-Glucoso lia« j^ero. Two inolec.iles of .icroloin 

one of whicli. <luo to I' idchHr. 01 y K j • j,ytlroxi(le solution. j;iving 

dibromido roact This, with phonyl. 

glyceric aldehyde which latt-r when lioaU-d with benzalde- 

gydrazine, gives .[^int./nduccl to liL.fnuU.so. 

hyde, gives acrosoDc. lluslaiorc .... _n-.n 


CHO Ba(OH)8 
K!:HBr 

d 


mole, acrolein 
dibromido. 


ill on 

i'Ha oil 
+ 
CHO 


CHO 
il-OH 


cnoH 

CH;:OH 
2 rnols^. glytonc 
Hl<lr'^*vd 6 . 


i: 

CHOH 

CH-OH 

ilt-OH 

CH;;-!)!! 

a;i-AcTo^»'- 


C 


CH = NNHCclU 

NNHCrtH* 

CHOH 
CHOH 
ill OH 
inj OH 

At'rortuzono. 
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2CeHaCHO 


CHO ( -f 2CeH^'CH = N NHCeH^) 
Phenyl'hydrazone of benzaldehyde 

O 


I 

CH OH 


ci 


HOH 


I ^ 

CH'OH reduction 

I 

CH*OH 

Acroaone. 


CH2OH 

I 

r(HO) C 

I 

CH-OH 

I 

^ CH-OH 

° I 

CH-OH 

I 

H-C-H 

I 

DL-fructose. 


The DL-fructoso is reduced to DL-mannitol, which is oxidised (in two stages) 
to DL-mannonic acid. From this D-mannonic acid is separated (by crj-stalliss- 
tion of the brucine salt, § 236), and converted into D-gluconic acid by heating 
with quinoline. D-glucunic acid is then converted into D-glucoso by reduction. 


CH. OH 

r (HO)C 

I 

HO C H 

I 

O H C OH 

I 

HCOH 

H C H 
L I 


CH2 OH 

I 

HO C H 

I 

HOCH 
+ 2H 1 

HCOH 

I 

H C OH 

I 

CH, OH 





CO OH 

I 

HO C H 

I 

HO C H 

I Hrsnnc 

HCOH ► 

I 

HCOH 

I 

CH, OH 


COOH 

I 

HCOH 

\ 

HOCH 

I 

HCOH 

I 

H C OH 

I 

CH,OH 


Fructose 


DL-Monoitol D-Mannooic Acid D^GIuconic Acid. 



I 1 

HO C H 

i 

H C OH 

I 

HO C H o 

I I 

H C OH 


H C 

I 

CH, OH 
D-CIucosc 


Manufacture . — Glucose is manufactured on the largo scale for use 
in numerous industries, notably in bretving as an addition to malt, 
and in jam and confectionery as a substitute for cane sugar. 

The source of glucose is some form of starch (C«H,o 05 )„, •which, 
when boiled with a dilute acid, is converted into glucose, CgHijO®. 
Cellulose can also bo converted into glucose, but only by such 
prolonged treatment that the process has not been found of com- 
mercial value. 
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In America, green maize is used as the source of starch, in Europe 

chiefly rice, maize and potato starch. 

The starch is heated under pressure vnth. about 2| times its 
weight of water and about 1 per cent, of sulphuric acid m closed 
boUers. In about an hour and a half the contents are run off and 
mixed with rather more chalk than is needed to neutralise the acids. 
The calcium sulphate so formed is filtered off and the sohd‘°n «£ 
glucose is decolourised by charcoal (a. under cane sugar § 2,9) and 
Leentrated in vacuum pans. The very concentrated so ut j is left 
to soUdify in moulds. The glucose is sometimes recrystalUsed, but is 
often used in the form of the moist crystalline mass so obtained. 

To obta”^ pure glucose it may be reery.stalU.sed from methyl 

ollitse may be prepared in the laboratory by the hydrolysis of 
cane sugar. 

+ HjO = C.HijO. + C.H.jO,. 

D.glucose and D-fructose are produced: the former can bo separated 
by crystallisation. oso-c c. flask mix 

6 f f U cTtSr ro:{lo“d u-itl. lUO c.c, of OO per 

!ent alcohol. Maintain the liquid at 45“-r.0“ C. on the water- 
^nt. aico powdered cane sugar, 5 g. at 

bath and add S' the sugar has dissolved. 

a time Sba hydrolysis to 

Keep the solution at 60 j cool. To the 

beeome l reSdrous glucose in order to afford 

rueleTr cryLuisftion and leave the Uquid to stand in a 
nuclei lor j tliakinL' it vigorously from tune to 

corked flask or some a. Jiiiay he filtered oiT at 

IS'puiLp and U "hed ith absolute alcohol H “ 

ma/ be crystallised from atatC c” alhsation wiU 

If anhydrous 8 “j’;„i''",::“tair:iy and less quickly, 

ultimately take pla^, t feh 1 a hot 10 per cent. 

tifn°oftureTwte” enough boUing methyl alcohol to 
l t cloudy. Anhydrous glucose separates on 

maU Bix-sided erj^sta " anhydrous glucose melts at 140° C. 

hydrate melts at 80 alcohol. Like most of the sugars, 

It IB freely however, less sweet than cane sugar. 

|lrti:rfTg"uVu piano of polansed light to the right 
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and this phenomenon is used for measuring the strength of solutions 
of glucose. 

Glucose and many other sugars display the phenomenon of mtifa-roteUion. 
When glucose is crystallised from acetic acid or alcohol the o-form orj^tallises 
and a frealUy prepared solution of this rotates polsirised light strongly to the 
right: specific rotation ([a]t> + 113^).^ In solution this changes to an eq\iili* 
brium mixture of the a- and jS- forms with less rotation of polarised light 
([alo + From solution in pyridine ;i-glucose be crystallised and 


CHjOH 


H 

-O H 
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^N.?“ 


OK c— 
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-C OH 
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OH 

Glucose Ca]o 

+ 113^ 


^,OH 


H C 
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— O HO 
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wn 
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OK 


fi-Qlucose [aju + 17 


a frosh solution of this at first shows a rotation of [a}o +17*. This solution 
also becomes gradually converted into the equilibrium mixture of specific 
rotation (a]ii + 62-6*. 

Fructose (§ 27(i) also shows mutarotation, and we infer the existence of an 
a- and /:i-fructose, though they have not been isolated. 

Chemical Properties . — Glucose can function aa an aldehyde, and 
shows many of the properties associated with the simple aldehydes 
(§70). It can be converted into an alcohol, D-sorbitol (§ 203), by 
reduction with sodium amalgam and can be oxidised, first to gluconic 
acid, then to saccharic acid. 
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1 The specific rotation is the angle a through which the plane of polarised 
light derived from tho D line of the sodium spectrum would be rotated by a 
column of soIutioDi 1 sq* cm. in cross sect ion and of such length as to contain 
10 g. of the solute. Alternatively, it may be regarded as the rotation of 1 dem* 

100 

of eolation multiplied by — p* where c is tho weight of solute in 100 g. of 
eolution. 
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next to the phenylhydrazone group to carbonyl CO, the phenyl- 


hydrazine being reduced to 

1 

aniline and ammonia. The 

1 

CO group then reacts with another phenylhydrazine molecule giving 

1 

a compound called an osazone. 

CH = N-NHCeHg 

CH = NNH-C.Hg 

1 

CH-OH + CaHj-NH-NHa = 

1 

j 

CO -f CeH^NH, 

1 +NH 3 

(CH-0H)3 

(CHOH)a 

CHa-OH 

1 

CHa-OH 

CH = N-NHCgHj 

CH = N-NH-C^Hg 

CO + HoNNHCaHj = 

1 

j 

C = NNH-C«Hg 

1 +H 3 O 

(CH0H)3 

(CH-OH), 

CH 30 H 

CHa-OH 

d • G lucosazooe* 


Expt. 62. — To Prepare Phenylglucosazone arid Determine iU 
Melting Point. — Dissolve 2 g. of phenylhydxazine in a solution 
of 2 g. glacial acetic acid in 20 c.c. of water contained in a large 
test-tube. Add 1 g. of finely-powdered glucose, shake till 
dissolved and heat on the water-bath at 100° for hr. Fine 
yellow needles separate. When a fair quantity of crystals has 
accumulated, filter them off through a small Buchner funnel and 
wash well with water and dry, first by pressing with filter papers 
(or on a porous plate) and then in a water-oven. Prepare a 
melting-point apparatus such os is 8 ho^vn in Fig. 11, using 
sulphuric acid or glycerol as the heating liquid. The phenyl- 
glucosazone should melt at 204°— 205° C. 

The hj’droxj’l groups in glucose, as we have already seen (§ 265), 
display some of the reactions associated with alcohols. 

'Ihus w’hen treated with methyl sulphate and alkali, methyl- 
ethers, or methyl-derivatives of glucose are formed. 

W^ith acetic anhydride and anhydrous sodium acetate glucose 
gives a penta-acetyl derivative (really an ester, glucose penta- 
acetate). Glucose also forms metallic derivatives when treated 
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CHOCHa 


HCOCH 3 

I 

CH 3 OCH 

HCOCH 3 


CHO-COCH 

HCOCOCHs 
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HC 
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CHvCOOCH 


O 


HCOCOCH 3 


HC 


CH OCHa CHaOCOCHj 

Tetramethyl-metliylglucoBido. Glucose penta-acetat^. 

with alkalis. Thus a basic salt, calcium glucosate, is formed by the 
action of lime on glucose. 

O 


CH OH ^H-CHaO Ca OH 


CHOH CHOH 


CHOH 

The detection and determination of glucose is of ^eat importance 
in“o^tag tho diseaso diaiete., in « lnch glucose .a excreted m the 

urine (§ 301). niucose Fehling’s solution and 

^"T^danT^ yei?o°^h or red deposit of cuprous oxide will be 
^ 0 “ wherffhellucose is present in only sn.aU proport.on, 

“ cjriqand 50^ g-f sodiu.n 

and making up to 426 cn^ dissolved in 75 e.o. of water. The 

crystellis^ MppCT a ^p Benedict's solution obviates 

inixed '‘“PboUles as required for Fohling's solution, 

‘“Frunl's or Btedicl" soluBon can be used v^umetrically 
10 fo o® the reagent are mixed with 10 e.e, distdled water and 
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boiled in a large test-tube. The solution to be analysed is added 
from a burette a little at a time, boiling between each addition. 
When the blue colour has almost disappeared the end-point is 
determined by filtering small portions, acidifying and testing for 
copper with potassium ferrocyanide. When no chocolate colour is 
given, the reaction is complete. The copper solution is standardised 
against a standard solution of pure dextrose. 

Expt. 63 . — Reactiona of Qlueoat. — (1) Heat a portico io a small taet* 
tube: Dote charring and evolution of a complex mixture of steam and 
various volatile substances. 

(2) Warm with acidified potassium permanganate. Note reducing 
action. 

(3) Show reduction of FelilLng’s solution (w. Expt. 18 and § 272). 

(4) Add ammonia to silver nitrate solution (not too dilute) till brown 
ppt. re-dissolves. Warm with glucose solution. Silver mirror readily 
fonnod. 

(5) Warm a little indigo with glucose solution and sodium hydroxide 
solution till the blue colour disappuars (formation of indigo-white). Filter. 
Wtit a piece of filter paper with the liquid. The indigo-white is rooxidised 
by the air to the blue indigo (r. § 

273. Glucosides. — Compounds of glucose with an extraordinary 
variety of organic substances are found in plant tissues. The 
(jlucosides, as these compounds are called, consist of glucose connected 
by an other linkage — O — to almost any substance capable of form- 
ing such a linkage. They easily break up into their constituents on 
hydrolysis, and the plant tissues which contain the glucosides usually 
alTord an enzyme capable of bringing about the hydrolysis. 

'File glucosiiles appear to afford the plant a means of storing 
ri activo or volatile chemical substances in an inert form, from which 
they may bo liberated at any time. 

Ihus mu.stard seed (§ 176) contains the volatile allyl isothio- 
evanate combined with glucose and potassium hydrogen sulphate as 
tile gliiooside sinigrin. (l)n crushing and moistening the dry seed the 
enzyme itnjrosin hydrolyses this an<l liberatc'S the allyl wothiocyanate 
which gives mustard its flavour and odour. 

'Iho glucosides are verN’ numerous. They include most of the 
pigments which give the colour to flower petals; the large group of 
tannins; many <lrugs of importance, e.g., jalap, digitalis, strophantbin. 

As an t^.'iample of their structure and behaviour we may take 
arnygilalin, found in hitter almonds. This, when vigorously 
hydmlysed is sjtlit into four moleeule.s, benzaldehyde, hydrocyanic 
a' id and two molecules of glucose. I>c.ss vigorous hydrolysis may 
only split it into two or three constituents. The enzjTno emulsin 
found in hitUT almonds brings about the complete hydrolysis. Its 
struoturt' is tliat shown below; the result of hydrolysis is to split it 
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up along any one, two or three of the dotted lines, so forming a 
variety of products. 
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I. Complete hydrolysis; II, HI, partial hydrolysis. 

The glucoside aalicin, used in medicine, may be taken as a second 
example. It is contained in wUlow bark and was formerly used as a 

Itia compound of glucose and sulijeum (o-hydroxybenzyl 
alcohol). The enzymes emuUin (mentioned above) and sahease. 
found in willow twigs, hydrolyse it to its constituents. 
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Tho tendency of glucose to form condensation products with itself 
and other sugars (§ 277) is only a special ca.,o of the formation of 
glucosidcs, the linkage being through an oxygen atom ns .-Iuumi 

above. 

274 D-Galactose in fonnod hy tho hydrolvHiH of lacU.ao or inilk-suRar. 

Iti/a Btoreoirtomorido of gh.ooHo. a,..l roscnbloo ft ... oM .osiK-.-ts ... 

•ome of itfl phyaical propertioa. 
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275. D-Mannose, CcHijOei is prepared from the peculiar polysaccharides 
known as mannosans. Mazmosan is the chief constituent of the vegetable 
ivory nut used in making collar 8tiid3» trouser buttons^ etc* Wlien this is 
hydrolysed by means of hydrochloric acid» mannose is obtained. It of 
course, a stereoisomeride of glucose, and reaembles it closely in its properties. 
The forraiila3 of galactose and mannose are; — 
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276. Fructose, D-Fructose, Lsevulose, Fruit-sugar.— Fructose is 
found (with D-glucose) in fruit juices and honey. It is formed with 
D-glucose by the hydrolysis of cane-sugar, but is best made by 
hydrolysing inulin, a starch-like substance contained in dahlia- 
tubers, by means of dilute acids. It is now manufactured from 
Jerusalem artichokes, which contain inulin, by a method similar to 
that employed in the manufacture of glucose. 

It forma anhydrous crystals melting at 95* C. and readily soluble 
in water. Fructose is Lnevorotatory: [a]^ = -92®. 

D-fructoso is a ketohexose, t.e., a sugar with six carbon atoms, 
which behaves in some respects as if it contained a carbonyl group 
and had the formula V (p. 271) though its formula is actually VI 
(p. 272). 

It therefore behaves like a ketone and an alcohol. It differs from 
glucose in its properties in much the same way as a ketone differs 
from an aldehyde (§ 111). Thus, like glucose, it forms an oxime, a 
cyanohydrin, a phenylhydrazono and an osazone. The formation of 
tile last proceeds (1) by the formation of the phenylhydrazone: 
(2) by the oxidation of the alcoholic group next to the phenyl- 
hydrazone group to an aldeh 3 ’de group and the reaction of the 
alflohydo group with phenylhj’drazine. The phenylhydrazone of 
fructose is different from the phenylhj'drazono of glucose but the 


osazone is the same, 
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When reduced D-fructose forms 
mannitol and sorbitol. Fructose is 


the stcreoLsomcric alcohols, 
a strong reducing agent and 
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quickly reduces Fehling’s solution. It resists, however, the action 
of bromine. Its reducing properties are due to the grouping 
R — CO — CHg'OH, produced when the ring opens. Unlike other 
ketonic groupings this is very readily oxidised, forming 

R^O— COOH. 

SVhen oxidised by nitric acid it forms tartaric and glycollic acids. 


DISACCHARIDES 

277. Disaccharides. — 
These compounds are 
anhydrides, or rather 
ethers, derived from two 
molecules of a mono- 
saccharide by the loss 
of a molecule of water. 
They are all easily 
broken up into mono- 
saccharides when hyd- 
rolysed by boiling with 
dilute acids. Certain 
enzjmes such as inver- 
tase and maltase ( § 36) 
readily bring about this 
hydrolysis. 

Some of the di- 
saccharides have only 
recently been sj’nthe- 
sised from the mono- 
saccharides, but there 
is reason to suppose 
that this s^mthesis takes 
place in plant tissues with great facility (§ 300). 

278. Sucrose, Cane Sugar, Cj^HoaOn.— Cane sugar occurs in 
certain plants notably the sugar-beet, the sugar cane and the sugar- 
maple. 

It occurs in many plants as a storage material and its manufacture 
from sugar-beet and sugar cane is one of the most important in- 
dustries, the world’s consumption being estimated at about 26,000,000 
tons yearly. 

279. Manufacture of Cane Sugar . — Sugar from Beet . — The sugar- 
beet is cultivated in all parts of Europe and in most other temperate 
climates. It forms a root weighing between 1 and 2 lbs. Careful 
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Kio. 45. - ri«l' of UiITjl<it>. 


breeding has evolved a race of beetroot with an average sugar 

sugar diffuses out of ^ diffuse very slowly 

constituents (proteins, pectins, , jo a ‘battery’ 

remain behind. The diffus.on is “he extraction is 

of eight diffusers— large cyhndncal iron tanks 

performed on the counter-current 
system. Fresh water is admitted to 
the diffuser (say No. 8). which 
contains beetroot almost completely 
extracted after treatment with seven 
lota of solution. The solution is 
transferred from one diffuser to the 
next, tm when fairly concentra^d it 
meets the fresh beet sUces m No. 1 
diffuser. Thus fresh water with the 
maximum extracting power is used 
on the beetroot containing little 
sugar. The exhausted beet is dis- 
charged from No. ® No””! is refilled with fresh beetroot, 

solution run oflf from No. . liquid from each 

No. 7 receiving the liqmd .t -ntam^ ami «« 

diffuser IS passed successively weaker solutions, 

root is seven times extracted '''^h sucressnUj 

rtu^ldticts'r: ..ution of 

“^“so obtained contains cent of ..ga. .geiimr 

with dissolved mineral sa ts. some col ^ 

of Ume is added to ^^rity, which is filtered off. The juice 

lime precipitates much oft I Elaborate evaporators are 

is then volved by boiling one solution is made 

employed in which the sUa ^ 3^^^ pressure, tl.o steam from 

to heat and so bod another kcjit^a at a lower 

this being made to carefully regulated, and the liqunl 

pressure still. Tlie evaporation is careiiiiiy g 

is finally allowed to cool „ „ystal.s and mother 

The result IS a -jt massecuite is whirled in 

Uquor, known as are separated from the 

"l“uo^. Thl crystals are now 'raw sugar/ and are further 
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refined as described at the close of this section. The mother liquor 
still contains much sugar and is usually boiled down further, so 

obtaining a fresh crop of sugar 
crystals. The mother liquor 
from this second operation 
contains much impurity and 
is known as molasses. No 
more sugar can be crystallised 
&om it. The molasses is often 
used for making alcohol or for 
manufacturing a nutritious 
cattle food; but the lime or 
strontia process may also be 
used to extract more sugar. 

The molasses in this process 
is diluted and mixed with 
quicklime, and insoluble 
coZctum aaccharaU is preci- 
pitated. This is filtered off, 
suspended in water, and 
decomposed by carbon dioxide, 
giving calcium carbonate and 
a solution of sugar, which is 
added to the raw juice. 
Strontia has been used in 
place of quicklime. 

Manufacture of Sugar from 
Sugar Cane . — The sugar cane 
is an enormous grass with a 
solid stem consisting of cellular tissue, in which the sugary juice is 
stored. It grows only in tropical or semi-tropical climates. 

A few factories slice the cane and remove the sugar by diffusion, 
as described above, but the usual practice is to pass the canes 
between iron rollers, so squeezing out the juice. The crushed cane is 
sprayed with water and again squeezed, this process being repeated 
several times. The raw juice contains 12-18 per cent, of sucrose, 
and much impurity, which includes glucose and fructose, mineral 
matters, chlorophyll and various colloidal substances. As in the 
case of beet sugar, lime is added and the juice heated. The pre- 
cipitated impurities are filtered off and the juice is evaporated in 
vacuum pans, as described above. The concentrated juice is allowed 
to crj'stalliso, and the massecuito so obtained is centrifuged. The 
mother liquor is then further concentrated. The sugar crystals so 
obtained are then refined, as described below. 



Fia. 40. — Sugar Cano. 
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S^ar raw "ng ““thTr 

;re:fin“c:n&^ 

ZromfJCs t“c:.^ed off with the water without diasolviog 

an appreciable quantity urity. It is next dissolved 

The sugar is now f the bro^ syrup so obtained 
in a small quantity of hot wa , charcoal which has a 

is filtered slowly through a fon^^ io^purities of high 

remarkable power f ^r Char is usuaUy a form of 

molecular weight . ■ bones to redness; the carbon so 

animal charcoal made by beat g b ^barcoal. possibly owing 

obtained is much more forms of wood charcoal 

to its fine subdivision. ^ ^^perior to bone-char. They 

are now much used, and are gr y P - | gaits (calcium 

appear to bo made by treating W retain its 

acetate, etc.) and then indefinitely. When it ceases 

power of removing f = cashed, dried and heated to 

to remove the colouring ma . ■ j^jes, colouring matters. 

TheU“r““syrupjbtamed^by^ 

TpSted ffomThrmother Uquor in oentrifugaU and dried by hot 

air. This gives granulatal ' ^Xuically moulding the moist 

Cube sugar is usuaUy the soft cubes so obtained, 

sugar from the centrifuga ufeacfiing the raw cano juice’ to a 

Demerara sugar is obtained y jj ^ a Uttlo stannous 

yellow tint by means “f. ““‘P\m1re;y»UUises,SMueh 'Demerara' 
^Uglfu! howcve"ely the white crystal tinted by means of a 

yellow dye. , jg very readily broken up 

i„rD-g"rd "ose by boiling it with ddu.e acids (Expt. 

61 )- w ^ 

C.aHa^On + H^O = 2CoII,208 

.. T^rosumablv does not contain any 

rctrwurru P an f .y^ .^fd^e-d 

Sy^X“- CO an octLcetyi derivative, and 

^ ^ ■ not be uBod ai. the flavour of the product Le objectionable. 

I Boat juic© cannot be ueoa, 
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BO has eight hydroxyl groups. The formula adopted is that of a 
glucose and a fructose molecule^ connected by an oxygen linkage 
through their reactive carbon aioms. 
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Sucrose. 


The complete structure of sucrose is: 




^ Whilo free fructose lias ci 'pyranose formula with a O^mombered ring 
cornbinod fnict< se in disarclmrules (sucrose) and in polysaccharides (inulin) 
iios n/ura7io.se structure {5-menibered ring). 
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of fructose. 
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281. Properties ol TltT" 

crystals, very soluble ^ i,.t:ons is ordinarily measured by 
rotatory, and the stren^h o i plane of polarised light is 

ascertaining the -g e through^wln^^^^ tire^P^ne o 

turned by a known len^ above its melting point, forming 

Sucrose breaks up when t J is sometimes 

brown amorphous substaimes kn heated with sulphuric 

used for colouring ^“^‘' f'e^irbon, etc., is produced. 

acid, a bulky charred mass contammg 

Sucrose resembles ^ coiiused «-ith the salts 

known as oHl CO-OH] The saccharates of 

calcium, strontium, etc., being ^ ^ from the syrups 

we have seen, in the “"i,rLea%rystallised. 

from which as much sugar as pos fructose It does not form 

Sucrose differs ufdely from glucose and 

addition P™f 7‘^‘^‘]^X^cids. 'ff breaks up into D-glucose and 
When boiled with ^3 the inversion of cane sugar. 

D-fructose. This process fructose so obtained is called invert 

The mixture of D-glucose and D- solution on 

«u,ar. The term inversion re ers^^oH-^ ^ 

polarised light. Can^ bUg strongly la.*vo-rotatory. Ihus 

thf^yd^of a of dextro-rotatory cane sugar forms a 

Iffivo-r^otatory solution of invert sugar. 

r O , _fn Heat aloiio until liqui'l bocomo^ 

w'al o< c„d,„„. etc, proUuceU. 

,3) Bhow that caao sa.ar doe. not redueo FO, ao.ot.on. ^ 

Fehling’s Bolution (u. Kxpt. 0.1). 

** ,* r H O .H, 0 — Maltose is obtained when Starch 

“ ."f . ia 

hydrolysed, yields ^ It differs from cane sugar m 

ha^ ‘g cyanohydrins, hydra.ones. etc. 

Maito. bi. 

Its fonnula may be written. 
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The group conferring reducing power is marked with an asterisk (of. formula, 
p. 270). 
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283. Lactose, Sugar of Milk, CisH^qOji.HsO. — L actose is con- 
tained in milk, and is obtained by evaporating the whey from which 
as much fat as possible has been separated. It forms white crystals 
which are less sweet than sugar. 

When hydrolysed it forms D^glucoso and D -galactose* Lactose has the 
formula 


H OH CH^OH 



and is a Bterooi.sorocricle of maltose^ which it therefore closely resembles in its 
chemical properties. 

284. TrU and Tetra-saccharides — The tri- and totra-saccharides are 

found in certain plants^ but are not important* 

POLYSACCHARIDES 

General Characteristics of the Polysaccharides . — The polysaccharides 
include the very important substances starch and cellulose, and the 
less important dextrin, inulin, glycogen and others. 

They all have the character of colloidal substances. They are non- 
crystalline and dissolve in water, if at all, to form thick colloidal 
sols, which may solidify to gels. All the polysaccharides have the 
formula (CcHioOglnHoO. Their molecular weights as approximately 
known arc always very high (1,600 — 400,000 and more, even up 
to 2.000,000). 

When hydrolysed by dilute acids or by water in presence of certain 
eQzyme.s, monosaccharides are ultimately produced, 

(CJlioO,)n + «HaO = nC,H„0«, 
the nature of which varies with the particular polysaccharide. 
DLsaccharidea and other substances are often formed as intermediate 
products. Thus starch produces first maltose, then D-glucose, while 
inulin gives D-fructose and cellulose gives D-glucose. 
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285 CeUulose.— Cellulose forms the chief constituent of the cell 
walk of Xnts, and is more especiaUy abundant in the harder and 
filtfsirengthening tissues It thus forms ^he ^er part 
of wood, cotton, Unen and other plant fibres, “>1 “ ^ “‘f 
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formation of cellulose in the plant is further discussed in 
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the native celluloao molecule. 



294 THE CARBOHYDRATES 

Estimates of X have been made by forming methyl derivatives of 
cellulose. The left-hand end group gives a tetramethyl glucose on 
hydrolysis, while the others give a trimethyl glucose. The propor- 
tion of tetramethyl glucose has been determined, and since it is 
about 1/100 — 1/200 of the whole, X is between 100 and 200. 

287. Physical Properties of Cellulose. — Pure cellulose forms 
colourless transparent fibres of a shape depending on the plant firom 
which it is derived. It decomposes below its melting-point. It is 
insoluble in water but, being colloidal in character, readily absorbs 
some 6—8 per cent, of moisture, which can be removed by drying. 

Cellulose is denser than water (sp. gr. 1-58): the apparent lightness 
of wood is due to air spaces contained in it. 

288. Chemical Properties of Cellulose. — Cellulose, when heated, 
first becomes brown and then breaks up, giving a great variety of 
products — acetic acid, water, tarry matters, etc. 

It is highly resistant to chemical reagents in general, as is wit- 
nessed by its use as filter paper. 

Concentrated sodium hydroxide attacks cellulose, causing it to 
swell up to a gelatinous mass. When the cotton fibre is treated with 
sodium hydroxide of 15 — 20 per cent, strength it loses its ribbon-like 
form and swells into a smooth glassy cylinder. The treatment of 
cotton goods with caustic soda accordingly gives them a peculiar 
silky lustre and the process is known as mercerisalion. 

The action of nitric acid on cellulose produces esters with its 
livtlrowl groups. These esters, known as cellulose nitrates or, in- 
correctiy, as nitrocellulose, are discussed under a separate heading. 

Concentrated sulphuric acid breaks up cellulose, giving various 
carbonaceous products, but other acids have little or no effect upon 
cellulose. When celliiloso is boUed with diluted sulphuric acid, it 
is first ‘parchmentised,’ or converted into a tougher and thicker 
material, which is probably a first stage in the degradation of the 
cellulo.se molecule. Further boiling produces first cello-dextrins 
somewhat resembling the dextrin from starch (§ 297). These are 
linall}’ broken down into cellobiose, CisHjaOn, a disaccharose, and 
this is finally hydrolysed to D-glucose. The hydrolysis is not at all 
easily brought about; a simple method of performing it would give 
a valuable source of glucose. The diflSculty of hydrolysing cellulose 
renders it indigestible by the higher animals. Bacteria can, however, 
utili.se it. Herbivorous animals have in their digestive system 
enormous colonies of bacteria, which break down at least a part 
of tlio cellulose of the plants eaten to products which the animal 
can ditjest. 

Cellulose resembles the other saccharides in forming ethers when 
methylfttod with methyl sulphate and alkali, and esters with acetio 
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artificial silk 

anhydride (§ 265). These, the ceUulose acetates, are of great im- 
portance in the artificial silk industry (§ 289). 

^ Cellulose probably does not form a true solution m any solvent. 

It does, however, appear to f 

in ammonia. The cuprammonium Cu(NH,). (OH),, com 

LeT with ceUulose, forming a soluble complex. 
cotton and Unen goods with this reagent destroys their absorbe 
nronertfes and affmds a valuable way of water- and ro^proofing 
tS so treated are caUed Willesden goods The solu- 

tion of ceUulose in the cuprammonium reagent is employed m 

manufacture of artificial silk. ,ik=iolves cellu- 

A solution of sodium xanthogenate, Na.,CS 3 . also 

lost forming a soluble coUoidal ester. The InT is dU 

of tke very important viscose process for artihcud silk, and is dis 

cussed in § 289. 

T, .• t —Filter paper or dt-preaHcd cotton 

Ex-pt. 65 .—Re<iciiona oj CcUutoae. riiiir j i 
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off excess. Place in a corked ta T)i,s.;olve the gelatinous yellow product 
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precipitated* - 
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Four processes for makmg art, fiem^ ^ 

adopted, the most importi r Cellulose is converted 

essential principle berng the aanm.„.HU^sr.^ ^ 

into a compound which form ^ lorming a lino fibre. 

The solution is squirted hruugh a ^ f .i.j-ing, 

which is soUdified ' ; it: quauilty of artt 

The viscose process '“‘^“wcon them do not provide a 

the viscose silk. 
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Viscose Process . — An alkaline solution of sodium thiocarboimte 
(xanthogenate), NaaCSg, reacts with cellulose, giving a colloidal 
solution of cellulose thiocarbonate in sodium hydrosdde solution. 
This solution is coagulated by acids, cellulose being formed once 

The starting materia is bleached wood pulp. It is treated with 
17 per cent, sodium hydroxide solution. The excess of this is 
squeezed out and after some hours carbon disulphide is added. 
This forms sodium thiocarbonate with the caustic soda, and this 
reacts with the cellulose forming an orange-coloured gelatinous 
mass. This is then mixed with caustic soda solution, when a viscous 
coUoidal solution is obtained. This is ‘ripened’ for a couple of days 
and then spun by forcing it through 6ne jets into a solution of dilute 
acid, which converts the filament into cellulose containing a little 
free sulphur. The filament is then wound and simultaneously twisted 
and coiled into ‘cakes’. The spun filaments are washed, and soaked 
in a weak solution of sodium sulphide to remove the free sulphur, 
blcaclied and again washed. The process has taken the first place 
owing to the extreme cheapness of the materials used. 

Acetate silk is made by treating cotton with acetic anhydride 
containing 10 per cent, of sulphuric acid. The cotton gradually 
dissolves. The solution is thrown into water and the white fibrous 
mass of cellulose acetate which is precipitated is washed, dried, and 
dissolved in acetone. It is spun by forcing the viscous solution 
through a nozzle pierced with many fine holes. A current of air 
evaporates the acetone, and the filaments are wound on to a bobbin. 
The acetone is recovered from the air used for drying. The product 
is very beautiful, but the process is more expensive than the viscose 
one. 

Nitrocellulose Proceaa.— ‘Nitrocellulose’ of the pyroxylin type 
(§ 21)0) is dissolved in an alcohol-ether mixture and spun as described 
above. The filament of nitrocellulose, which would be far too 
inflammable for wearing apparel, is denitrated, ».c., reconverted 
into cellulose, by treating it with a solution of a soluble sulphide. 
The product resembles real silk very closely. 

Cuprammonium Silk . — In this process cotton is dissolved in a 
cuprammonium solution produced by the action of ammonia solu- 
tioa on copper in presence of air. 

The viscous solution is spun in much the same way as viscose, a 
setting bath of water being used. The filament of cuprammonium 
silk can be stretched while being spun, and very fine filaments can 
thus be obtained. The filament is treated with dilute acid to remove 
vojipcr and then very thoroughly washed and dried. The product 
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is a silk fibre of great fineness which has advantages over the other 

products for certain types of goods. 

290. CeUulose Nitrates. ‘Nitro-ceUulose.’-When -fUnlose is 
treated with concentrated nitric acid, with or without the addition 
of sulphuric acid, a series of nitric esters are obtained containing up 
to three nitrate groups per CeH„0, unit of the cellulose molecule. 

It is not possible to isolate pure nitrates of any detoite fo™ula. 
such as [CaH,Oa-(N 03 ) 3 ]„. It is probably better to b 

enormous cellulose molecule as being attacked at any or aU of 
several hundred hydroxyl groups and to consider ‘>'0 as 

Katina P H Oa (NOa) . where X may be anj^hing up to .in. 

^^ese'StVTcVsters Vre of great technical imporUnce. and com- 

^‘m^ncodons.-Guncotton consists of ceUulose nitrated as much 

as is possible. It is used only as an explosive. 

(2) Pvroxvlins —^Pyroxylins aro slightly less mtrated. They are 
of' ioStr value fL manufacturing the cellulose paints, 

and are used in 

““r^t^'^Vr'nl't^oce used for making ceUuloid ,r. 

ir 7 frn\ in the least fully nitrated of these products. 

VtZSn oT^ellulL.-To make -‘-““'‘'-^ture^TniU cTcid 
thoroughly dl-ied and then steeped m a warm mixture 
and eulph^c acid containing about 71 per “nt H^O.. 21 pej^cenh 

HNO„ 7-5 per cent, ^'‘bir, and a htt^^ 

Xt" rorUuWTouIod^is d^etormined hy the strength of 
acid and the time of nitration. 

mix 20 0 . 0 . of fmnmB nitric “i< 20 Tiiko out piipor 

r^iS-’rod! w.it’wcn ^v“ “h’wltor ami ..ooliol ami dry. 

(1) Not© harsh toxturo. 

(2) Not© very rapid „ fovv 

(3) Dissolve in boding «>!•> .,f ’..jtrof.dlulowo is forinotl. 

on glass. A colourless ^^V^h J ‘j. and oilier. Tho eu.so of 

(A\ Dissolve as above in ft nuxturi? ui 
dissilving depondii on tho <logroo of nitrotiun. 

Properties of - 

app^rance the ceUulose fro^^^^^^ being 

hareher to tho touch. solvents to a transparent viscous 

::Sn“rong :u:rrerr acetone, aiiiyi acetate and 

coolinc is advisable. Handle tho acids with 
‘ If larger quantities are ufloU cooling 

caro. 
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mixtures of ether and alcohol. Its solubility seems to vary con- 
siderably with its method of preparation as well as with the degree 

of nitration. 

The solutions of pyroxylin (moderately nitrated cellulose) are 
greatly used as paints and lacquers. These consist of pyroxylin 
together with a ‘plasticiser/ usuaUy an ester of high boiling point 
(e.g., triphenyl or tricresyl phosphate, § 416a) dissolved in acetone, 
butyl alcohol, amyl acetate, etc. The function of the plasticiser is 
to ensure that the film of lacquer or paint is not brittle, as is a film 
of pure nitrocellulose. 

Nitrocellulose is soluble in camphor, and when lightly nitrated 
nitrocellulose is thoroughly incorporated with camphor (alcohol 
being employed as a solvent), cdlvloid is formed which, owing to its 
transparency and flexibility, has found a great number of uses. Its 
inflammability is its chief drawback. Celluloid softens when heated 
to about 70® C. and may then be moulded into any shape. 

The use of nitrocellulose in the artificial silk industry has already 
been described (§ 289). 

Nitrocellulose is intensely inflammable, this property being most 
accentuated in the most highly nitrated forms. Guncotton in fibres 
or thin sheets burns instantaneously %vith a bright flash, and when 
incorporated with nitroglycerin, as described below, it is a most 
valuable exiflosive. It is, as a rule, not employed in the fibroid 
form obtained by nitration. The usual procedure is to gelatinise it 
by incorporating it with nitroglycerin and some solvent which is 
subsequently evaporated. Thus cordite, used as a propulsive explo- 
sive, is made by incorporating 30 per cent, nitroglycerin, 65 per 
cent, guncotton and 5 per cent, of mineral jelly (vaseline). Acetone 
i.s used ns solvent. 

I'ho exi)losives so obtained are at once very powerful and very 
safe. They burn vigorously but do not explode when ignited. 
ICxplosion Ls only brought about by causing them to burn in a con- 
tilled space or bv' using a detonator of fulminate, etc. (y. § 149). 

In it.s chemical properties nitrocellulose has much of the inertness 
of cellulose. It is very resistant to water and acids. Certain sub- 
stances tie-nitrate nitrocellulose, reconverting it into cellulose. 
.\inong these is ammonium sulphide, employed in the artificial silk 
iTKlustrv. 

291. Starch, (Cell, oOsln-— Starch is found in all green plants. 
Granules (chloroplasts), containing the mixture of coloured sub- 
stances known as chlorophyll, in some unexplained manner cause the 
carbon dioxide of the air and the water of the cell contents to 
react, eliminating oxygen and forming monosaccharides and 
disaccharides. These are polymerised to starch which is accumu- 
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lated in various parts of the plants as a storage matenal The 

process of starch formation in plants is further 
^ 292 . Manufacriue oi Starch.^tarch is made from a variety of 
nlants The most important of these are potatoes and cereal graiM, 
See 4“at, maL. etc. The table below ebowa the cb.ef 

forms nf starch and their sources. v i. i ^ 

The method of manufacturing starch from potatoes may be tak 

interior surfLe. The potatoes are rasped to a pulp consistmg oi 
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Foodstuff (cornflour). 
Foodstuff. 
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industrial. 
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Foodstuff. 


the fibrous matter and the broken of Urn ‘^‘-•^‘^eetber 

with the starch granules ^ coarser fibre and let 
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the starch granules pass. Iho i y P covered with a layer 

to settle: the sediment con-sists p scraped 

of fine fibre, etc., which has P--Vrb t a:^a n removed and the 
off. The settling process is repeated ^ heating 

starch is centrifuged and then dried in the air or y g 


in ovens. ct„rch is generally thought to consist 

293. Constitution of Starch.— S K ^^^(1 the paste-forming 

of two substances, the readily so ^ 

and less soluble Xch is now known. Both 

complex molecule, the structur of conjugated glucose 

amylose and amylopectin consis o ^ j ogg units. The 

residues each of which contams some 24 to 30 glue 
structure of these can bo mdicated by. 
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The chain length was elucidated by methylation, hydrolysis and 
the determination of the percentage of tetramethyl glucose just as 
in the case of cellulose. The type of linkage figured above would 
give a chain curved on itself and would not give straight thread-like 
molecules like those of cellulose. Some of the differences between 
starch and cellulose may arise from this cause. Its close resemblance 
to glycogen, the formula of which is discussed on p. 303, corresponds 
to a close resemblance in structure. 

294. Properties of Starch. — Starch occurs as minute granules, 
having a characteristic appearance under the microscope (Fig. 47). 
They are built up of concentric shells surrounding a nucleus, but 
differ much in shape and size according to their source. 

Starch is quite insoluble in cold water or any other cold solvent, 
though it absorbs up to 35 per cent, of water from the air with great 
readiness. When heated with water the particles swell up and 
finally, at 65® — 85® C., form a thick opalescent colloidal solution 
which sets to a jelly when cold. 

When starch is heated alone it is first transformed into dextrin 
{q.v. § 297) which on further heating decomposes, giving a variety 
of products similar to those obtained by the distillation of wood. 

Starch is easily recognised by the intense blue colour imparted to 
it by iodine in presence of iodide ions (usually provided by potassium 
iodide). The colour is destroyed by heating but reappears on cooling. 



Potato, 


Whoat. 

Fio, 47. — Starch Grains ( X 200). 


Rica, 


It is probably due to the adsorption of iodine on the starch and not 
to the formation of a definite compound. A bright yellow colour is 
given to starch by bromine. 

The hydrolysis of starch takes place in several stages. When 
boiled with dilute mineral acids it first forms ‘soluble starch,’ 
apparently differing from ordinary starch only in its solubility in 
water; further treatment produces gum-Uke substances kno^m as 
dextrine (§ 297) which are then hydrolysed to the disaccharide 
maltose and this finally breaks down to d-glucose. 
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(C gHio^ 6)n 

Starch. -♦ Soluble starch. 


Ci2H220ii 
Dextrins. -*■ Jloltose. 


2CflHi205 
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295. Uses ol Starch.— Starch . 8 emp^oycd^^^^^,^^^ plucose, dextrin, 

(1) Industrially as a means l^und^y work and in tcxtdo 
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297. Dextrins (CgHioOsln. — Dexfcrinaare produced when starch is 
heated alone or hydrolysed to a limited extent with acids or diastase. 
Several different dextrins exist, probably corresponding to successive 
stages in the breaking-down of the starch molecule. Eryihrodextrin, 
the most complex, gives a red coloration with iodine. Farther 
hydrolysis yields achroodextrin which gives no coloration with iodine, 
and maltodextrin. These are, in all probability, complex mixtures. 

They are gum-like substances soluble in water. 

They are of practical importance, being employed in gums, pastes 
and sizes, imder the name of British gum or starch-gum. They are 
also used by textile printers as ‘vehicles’ for colours. 

298. Glycogen, (CgHioOt),.— Glycogen is found in the tissues of tlie 
body, notably the liver and the muscles. Its production and functions are 
discussed in § 301* 

GlycoRea is hydrolysed to D-glucose by enzymes or acids, Haworth (1932) 
has produced evidence that its formula is 
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where X may bo about 12 — 18 and the il.W. about 2,000 — 3*000. Note that 
tVie difforonco from cellulose is only in ite stereoisomerism and also in the length 
of the chain. 

It is a powder closely resembling soluble starch. It gives a purplish-red 
colotir with iodine. It is very readily hydrolysed to D-glucose. 

299. Inulin, Inulin is a storage material resembling starch 

and is contair^ed in dahlia tubers, artichokes and some other plants. 

It gives a yellow colour with iodine, and is hydrolysed to D- fructose. 

300. Production of Carbohydrates by Plants. — The only ultimate 
source of carbohydrates is the green plant, and the formation of 
sugars, starch and cellulose by the plant is at once one of the most 
important and least well understood problems of Biology and 
Organic Chemistry. 

The green plant requires only certain inorganic salts, water, carbon 
dioxide, oxygen and light in order to synthesise the numerous and 
varied compounds contained in it. 

The seat of the process of converting carbon dioxide and water 
into sugars is in the green portions of the plant — normally the leaf. 
Tlie cells of the leaf contain chloroplasts, small bodies containing a 
mixture of several complex pigments known as chlorophyll. 

While the steps by which the photosynthesis takes place are not 
known it is clear that the process involves: 

(1) The utilisation of carbon dioxide and evolution of oxygen. 

(2) The production of a monosaccharide or disaccharide. The 
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carbohydrates tot formed in xle prob" 

D-glucoBe, D-fructoae. sucrose an _ ‘ vnth. D-fnictose 

seems to be that D-glucose is firs is further polymerised 

and that these condense to form sucro&e ^ formed 

to starch. The evidence as to which sugar is the ^ 

ia conflicting and the point is uncertaui. The scheme gg 

would be: 


6CO,H-6HaO = 


and then 


2CaHi20e 

TlCjt^22^1X 


C,H,a0,+ 60jt 

Ghicos** 

and /or fructose. 


+ H,0 

Siicrot^o. 

2(CeH,„05)„+ nHjO 

Starch. 


... .u a.. . •“ 

starch are produced from ca d 

plant under the inflvience o g ■ in most mono- 

hydrate material usuaUy as a a required, the starch is hydrolysed 

cotyledons) as sucrose. N>b 1 > ^^30 'phis is built up by 

by "an enzyme to maltose fi" f;i;mrant, into cellulose 

a process, of the nature of ^ ^ plant: 

which forms the main constituent of the cell 

nCaHjjOs = (CellioOs)" + 

Numerous theories, but little hy the green 

have been advanced to „um>osus (1) that carbon dioxide 

leaf. The most popular o ‘ *\Tir>deUi forlnildehyde and oxygen: 
and water under the action oi g > 

CO* + H*0 — CH-iO + O*. 

(2) That this formaldehyde polymerises to a sugar: 

eCHjO = C«H|aOa. 

1 fg^t when carbon dioxide was bubbled 
It was formerly sufiposed ■ , . Kubstanecs, some formal- 

through water 7n^*"ork has not been Bubstantiated and 

dehyde was produced, but th . . conjectural. Furthermore, 

the first stage of the proces.s polymerise to DL-acrose, 

although formaldehyde can arc th<^ P-isomeridos and not 

the sugars actually 1,1 jodicate. It would seem then 

exiierimenta. evidence. 
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Carbon dioxide, chlorophyll and water alone form no sugar when 
illuminated. The protein portion of the chloroplast evidently takes 
some part in the process and we have at present only a sketchy idea 
of the structure of dead protein, and no conception of the 
structure or chemical reactions of the far more complex living 
protein. 

301. Carbohydrates in the Animal Economy. — Starch and cane 
sugar form a considerable part of the human diet. When starch is 
swallowed the enzyme ■ptyalin in the saliva converts it, in part at 
least, into maltose in the stomach. In the small intestine other 
enzymes contributed by the pancreas come into play (amylopsin, 
diastase, maltase, invertase, etc.). By their action all carbohydrates 
are broken down into monosaccharides, chiefly D-glucose. 

The glucose is absorbed into the blood. It is removed therefrom 
either by storage or by oxidation. A great part of the glucose, 
CgHijOe, is in some manner built up into glycogen (CgHjoOsln 
wliich much resembles starch. This is made and stored in the liver, 
and to a smaller extent in the muscles. It is again slowly hydrolysed 
to glucose by an enzyme glycogenase and this glucose is allowed to 
enter the circulating blood when the organism requires it. A more 
permanent means of storage is conversion into fat, which can be 
reconverted into carbohydrates and utilised. 

The blood normally contains a small proportion of glucose and any 
considerable increase or decrease of this quantity produces serious 
disorders. 

Glucose appears to be of value to the organism mainly as a source 
of heat and of muscular and chemical energy. The glycogen stored in 
the muscles is converted during exercise into lactic acid and by this 
process yields the energy of muscular contraction: 


(C.HioOg)„ 4- nHaO^ 2aC8HgO,. 

GlycagoD. ^ Lactic acid. 

'I'he lactic acid is then reconverted into glycogen and water, the 
nneessarv energy being provided by the oxidation of some of the 
glycogen to carbon dioxide and water: 

(CgH,o05)„ + flaOj flnCO, + SnHgO. 


In the disease diabetes mellilus the sugars ingested are not utilised, 
and accumulato in the blood and are excreted in the urine. The 
ili.seaso is duo to a tleficiency in or destruction of the catalytic 
substance, insulin, secreted by certain portions of the pancreas, and 
the disease is now treated by carefully regulated administration of 
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undergo many reactions ^ Appendix II. Tbe chief tj-pes of 

which some account is given m App 

enz 3 nne action are: u^;„„incr about the hydrolysis of 

(iTThe action of ^-rtase): an enzyme 

disaccharidea to to be hydrol> «-d to gincose and 

present in yeast, causes " * in aerminating seeds converts 

fructose (§ 281). Malice ",5™;“ae.fpbtting enzymes 

maltose into glucose. The 

such as emulsin and sah<Mse (§ - j yp polysaccharides mto 

(2) The action of "\2Sa?tasc)Lnd in malt and 

disaccharides is of streb to maltose. 

in the pancreatic juices causes b> y produced by yeast 

(3) The action of ‘zymase’ and ^is glucose causes 

and certain bacteria, on so u ^ the next paragraph, 

the important fermentations consid 

301b. Modes of ° tocL of alcoboUo fermentation 

deilLb" 6-^" 

C.H.,0. = 2C,H.O + 2CO, 

would indicate. Numerous substance^s ^ not ^mdm^ted^ 

equation are formed, but the sebemo given below 

“;trnrtb:;re:ent state of Unowledge. 

„ clucose roac. ^tb L^rrdl^^sp”^^^ 

if fermentation is to occui ; ^ 

enzyme phosphatase brings J! ® under the intlucnce of zyrno- 

“’'‘ofSu."' ...I"- »• 

and glyceric acid phosphate. converted to pyruvic acid. 

(4r The glyceric acid pLoapha^^- “ ^e 

(6) The pyruvic acid ‘ carbon dioxule. 

'X'rhra“^dehydr is reduce by part of the glycerab 
dehyde phosphate to alcohol. 
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THE CARBOHYDRATES 


O 


I I 

(1) CH(OH) — CH(OH) — CH(OH) — CH(OH) — CH — CHjOH + 2NaTlz^O^. 


1 


(2) NaHPO 


.-in- 


o 


CH(OH)— CH(OH) — CB(OH)— CH — CH* - NaHPO*. 


i/ 


2H 




(3) NaHPO^ - CHj— CH(OH) — CH(OH)8 CHO — CH(OH) — CHg-NaHPO*. 



Tho main reaction is represented by solid arrows, and the minor reactions 

by broken arrows. 

(2) Fervfp.ntation in presence of sulphites . — Under these conditions 
the acoi.ilvlehydo is not reduced by the glyceraldehyde and the 
reactions in iicated by the broken arrows occur, the final result being 

= CsHaOg + C^H^O + CO, 

This method has been used in the manufacture of glycerol {q.v.). 

(3) Fermentation in Presence of Alkalis . — Under these conditions 
acetic acid (1 mol.), alcohol (1 mol.) and glycerol (2 mols.) are 
formed, and the reactions are the same as the last except that two 
molecules of acetaldehyde give one of alcohol and one of acetic acid. 

CH3 CHO + HgO d- CHg CHO = CHs-CHaOH + CH3 CO OH. 

(4) Lactic Fermentation (v. § 231). 

(f)) Ci'ric Fermentation (v. § 251). 

(0) Butyric Fermentation (v. § 80). 
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questions 

“‘(^Vow^w'd^Tou distinguish a solution of glucose from a solution ot cane 
““fsTVl^at arc phenymydrazones and osazones. Compare the reactions of 

of‘:ac^^ cla.,, aL sag.eat reaaoaa for placing 
it in that class. * fr^rmota of cellulose? Into what commercially 

p„,e eo„,f.f,o„ 

"'?8TDi.\'Si\h“rparrpra“/ ■■■ •*"> 

animals. , airoct e'ttraction from animal and plant 

(9) What methods other .,1,,,.ose (6) l)-fructoso. (c) maltose? 


CHAPTER XX 


DERIVATIVES OF CARBONIC ACID 


302. Caibonic Acid. — When carbon dioxide is dissolved in water, 
the solution has all the properties of a dibasic acid and, although it 
cannot be isolated, carbonic acid, H 2 CO 3 , is presumed to be formed. 
The structural formula of carbonic acid is considered to be 

.OH 

0 = C< • 

\OH 

Organic derivatives of the acid can be prepared, though not 
generally from the acid itself. 

The most important of these are: 

(1) Esters of carbonic acid, €.g., 

CgHjO^ 


C = 0 

Ethyl carbonate. 

(2) Acid chloride of carbonic acid, 

.a 

o = c< 

^C1 

Carbonyl chloride. 

(3) Amides of carbonic acid, 


NH 


3 / 

0 = C\ and O = 

\)H ^ 


NHa 


C'arbnmic acid. 


NHj 
Carbamide or urea- 
HO. ^OH 


303 . Orthocarbonic Acid, C , does not exist, nor are metallic 

HO^ ^OH 

salts of it known, but ethyl orthocarbonate, C(0-C2H6)4, and guanidine, 

^ C = NH, are regarded a.s derivatives of this acid. 

NH.,/ 

CaH.O. 

304. Esters oi Carbonic Acid. — Ethyl carbonate, == O, 

CjHjO 
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is made by the action of ethyl iodide on sUver carbonate, 

2C,H J + Ag.COj = 2AgI + (CjHsl.CO,. 

ft can also bemade by the action of aRohol on cth 'i * 

(8 306), ^-hich is itself made from carbonyl chloride anu 


o = c 


,cn- HO CaHe 


\ 


O 






+ Ha 


a 

OCaHs 


■a 


C( + HO. 

OCoHe 


0 = (/ ^ 

\a + HOC2Hs ^ , , 

* 11 . rtf O and has the usual 

It is a P'oa;“of-“omng bo o ^^^icals 

properties of an ester, ihe caroonaveb 

tobonyl Chloride, Phosgene, COC.-Carbonyl chloride may 

be regarded as the acid chloride of carbonic acid, It is 

prepared by the direct reaction of carbon monoxide and cnlorine, 

CO + aa = coda, 

xL^Ltis^of its 

in works on morgamc chemistry. irritating odour. It is 

It is an extremely C. Its reactions are 

readily condensed to a liquid boding at 

“*Wrh':a.:fit1o™fcarhon dioxide and hydrochloric acidi 

COCU + HoO = CO 2 + 2Ha. 

With alcohol it gives ethyl ehloroformate (§ 300. below), and with 

Tt: r r 1^= ^Mci;'nr::s -mt:^ 

Jh^^Ul^^awarof tvtl^sUghtly affected troops for a twenty-fonr 

hours’ rest. im.i^,..oorhftnates * Cl CO O R.— While 

306 Chlorotomates. ^ r„„. it 

cbloroformic acid, CI CO un, is 

“n carbonyl chloride reacts with ethyl alcohol, ethyl cl.loro- 
formate is produced: 

Cl 

® = "^Cl + HO.C.H. ^ (io-O.C.H. + Ha 
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It is a liquid boiling at 93® C., and has a very irritating odour. In 
trichloromethjd chloroformate, CClg-O-CO'Cl, this property is much 
accentuated, and it was much used as a lachrymator in the war of 
1914r-1918. 


REACTIONS OF CARBONYL CHLORIDE 

c^o ca. 

Carbon Mono:cidc Carbon Tetrachloride 



Ethvl Urethane 

Chlorororniate 


Since it contains the — C — C’l group, it is an acid chloride as well 

II 

O 

as an ester. This is shotra in its reaction with water giWng alcohol, 
carbon dioxido and hydrogen chloride, also in its reaction tvith 
alcohol to give ethyl carbonate (§ 304). It also reacts with ammonia, 
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giving an amide, ethyl amumformate m carbamate, known aUo aa 

urethane, and used in medicine. 

^ - -,1 I which may bo 

307 . Carbamates.— Carbamic acid, ’ 


regarded aa the acid andde of carbonic (“f-^—'ordintr v 

does not exist free. Carbamates are. hm e or, 

ammonium carbonate consists of a ■ NH,— CO— ONH* 

hamate and bicarbonate “®Ycohol. which dies not dissolve the 

" 

ammonia and carbon dioxide. 

✓NHa ^xitT 

o = c/ = CO. + 2NH, 


O-NH. 


Nil 


. . I WhoD cth^’l 

308 . Urethane, Ethyl Ammotormate. 

ohloroformate is treated with amn.onia, urethane is formed: 


Cl + NH. Nil 


d- HCl. 

COOCjIj COOC,IL 

, . 1 hv the reaction of urea mtrato, sodium 

It may also bo unide by tuc re a 

nitrite and alcohol. y 1^40 c. It has been 

Itisasohd.mcltnif^atoO ^ , 

used in medicine as a * > I ^ injection treatment of 

anaesthetic. It is also employ cu 

'^^nXiirwhich is methyl-propyl-carbinyl carbamate. 


^^*^CH-0-C0-NH,. has been used to some exUmt as a hypnotic. 

/NU, 

, nr’/ —Urea is a substance ot t‘'n- 

309, Urea. Carbamide, 


» , r, as beini' tbc chief vehicle of nitrogen excretion 

siderable ‘“'X^ warnnhlorsled arnmals. Its comi-oumls with acyl 
from the bodies physiological importance, 

radicals, the bo^nado from uri.io. Human urme 

cortahrrvrriahlu poroenlage of urea which averages about h per 

Crine.-Uri„o ,1 litre, 
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is concentrated to a small bulk on the water -bath in the fume 
cupboard and then filtered. A hot, saturated solution of oxalic 
acid is added and the sparingly soluble urea oxalate is filtered 
off. This is boiled with powdered chalk, giving insoluble 
calcium oxalate and urea. The filtered solution is decolorised by 
boiling with animal charcoal and evaporated tiU it crystallises. 

(2) Urea is s^mthesised by the action of ammonia on carbonyl 
chloride: 

/Cl HaN /NHi 

0=C<' + -^0 = C\ H- 2HC1. 

HsN 

This reaction indicates that the formula given for urea is the correct 
one, though other reactions (p. 306) indicate the zwtterion formula 

,NH2+ 

HaN— C. 

Nd-. 

(3) The first synthesis of an organic compound from inorganic 
materials was accomplished by Wiihler in 1828. IIo found that a 
solution of ainmoniiiin cyanate was transformed on warming into a 
solution i>f urea; 

NU^-XCO = COlNHala 

Expt. ’iO.Synlhcsis of Urea . — 50 G. of finely powdered 
potassium ferroi'vanide are well dried in the steam-oven. 
When a siiecimen heated in a test-tubo evolves no moisture 
whatever, <lrying is complete. Meanwhile, 37*5 g. of dry, finely 
jKiwthTed potassium ilichromate are weighed out and well 
mixed w itli tlu? still warm fcrrocyanide. An iron dish is strongly 
heated hy a largo burner and the mbeturo is poured on to it 5 g. 
at a time. 

As eacli portion of ferroeyanide is oxklised to cyanate, the 
mass ghtw.s brightly, and when incandescence has ceasetl the 
residue is pusheil to the cooler edge of the dish and a fresh 
portion addetl. The residue is powdereil when warm, and the 
jjowder i.H boile«i and well stirred for three minutes with a 
mixture of 200 c.c. of alcohol, 45 c.c. of water and 25 c.c. of 
methyl alcohol. The tiltered liquid is at once mixed with a 
solution of 25 g. of ammonium suljihate in 40 g. of hot water. 
Potassium sulpliate i.s precipitated and filtered off. The alcohol 
is now distilli-d olV on the water-bath. The residue containing 
inorganic salts and nrea is transferred to an evaporating dish 
and evnporat(“tl to tlryiies.s on the water-bath. The drj’ residue 
is boilexl with 96 per cent, alcohol, and the solution filtered 
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while hot. Urea crystaUises from the filtrate on cooUng, and if 

“Tr^bovTCthod- avoids the use of Pot-i- 
The oxidation of the latter by fusing it with lead oxide afforck 
I ready means of preparing potassium cyanate. which may be 
converLd into urea by treatment with ammonium sulphate, a 

Urt k n:t mrnufaetured in large quantities as a fertUiser. The 

is the action of liquid ammonia on liquid carbon 
SI Indir a pressure of ca. 200 atm. Ammonium carbonate is 
first formed and the equiUbnum reaction 

(NH^laCOa ^ (NH^l-pO + 211,0 

/NHg 

. , r A P ' which explains its reactions 

above indicates the formula 0 = 0 . wnicn i 

IS ri| 

Thetluirt urea is a moneaeid base i.s not however accounted fcj 
by the above formula. Werner suggested the formula HN 

hut this is not in accord with present views concerning the 'alciicy 
irnkllilir Whieh is never ^p™ta.covaleiit in amines and the 

..wittorion formula 

311 Physical Properties of Urea.-Urca forms long 

n,rngpoI"^o^hicTproduct.sarecyanuricacid.amnioniaandhiurct. 

— 3NH3 

"" + (HOCN)b 
HbN 

^co 



H,N 


\ 


H^N 

d" 

H,N 


/ 


CO 


^co 


U,N 


= NH3+ Nil 


11 ,N 




CO 
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REACTIONS OF UREA 


C^O 



Sail-; of Urea Ac\ 1 Ureas or 

L reiiles 


Biuret, wliou rlissolved in «lilute Ofiustic wiila and mixed anth a 
little dilute copper sulpliate sobition, gives a pink to violet coloration 
— tlie BO-ealled biuret reaction.’ 

Urea behaves in a maimer iuterinediato between those of an amine 
and an amido. 
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It is deanitely basic, and forms salts with acids in which only one 

"uml'Stmte'^H.N-CO-NH.NO,, is sparingly soluble in nitric 

NH,C0.NH3-0C0 „,„blein 

acid; urea oaalate, I „ • 

" Lt^i'otfor\l“ea is hydrolysed by hoiUng with aUralis or 


PUMP 



Fic. 48.-Det«rnUnution of Urea by moan, of Uroa.o. 

acids or by heating with water under pressure. Carbon dio.ide and 

ammonia (or salts of these) aro formed. 

C0(NH2)2 + HjO = CO 2 + 2NHa. 

*• ^f nrida and alkalis in solution is slow, but the same 
The action o about by various enzymes known as 

hydrolysis is rap^d y b fel ,esont in 

nrinaU ^tc whore urea abounds, rapidly causes .t to forn. 
rmrnirn^'^itona^e. CorUin se^s^also — ~ ™n 

urease. „„„,1 in Kin 4^. oonnootcnl to n |minp by 

Tiiroo tc«t-tubo8 nro j { .ir^wn tbrotiyb tbom. In tlu^ lir.t 

or whicU a irmon^urod 1 c.c. of u.ino, a drop or . wo 

“fCid ra^mo t crpJyTio"'..coi.ol. U. provoot frof.ing, 1 o.o. of uroaso 
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obtained by digesting soya-bean meal with cold water' for some hoars, and 
6 c.c. of a phosphate buffer solution of pH value 7 — 8. The tube is at once 
closed and 25 c.c. of 0-02^-hydrocliloric acid is meaaured into the third test- 
tube. After a quarter of an hour the air current is passed for half a minute 
to carry off any free ammonia formed. 6 g. of solid potassium carbonate are 
now placed in the second test-tube and air is drawn through at first rather 
slowly and then as rapidly as is possible without causing undue splashing or 
foaming. The alkali liberates free ammonia, which is carried over into the 
standard acid. After fifteen minutes, the acid in the tliird test-tube is titrated. 
Each equivalent of acid neutralised by the ammonia indicates the presence 
of ^ g.-molecule of urea in the urine taken. 


Urea reacts with nitrous acid, giving carbon dioxide and nitrogen: 

/NHa+HNO^ 

COC == CO 3 + 3 H 3 O + 2 N 3 . 

^NH3+ HNOa 

H}T30chlorites and hypobromites also produce carbon dioxide and 
nitrogen. The urea in urine was formerly estimated by adding to a 
known voliune of it a solution of bromine in excess of caustic potash. 
Nitrogen is evolved and measured, the carbon dioxide reacting witli 
the caustic potash: 



/NH„ f 3KOBr+ 2K0H 


Nj + 3KBr + 3 H 2 O 

+ K.CO*. 


The method is subject to a good deal of error, and has been largely 
replaced by methods of determining urea as ammonia. It is, however, 
still used for rough determinations. 


'I'lm apparatus employed is shown in Fig. 49. A solution of potassium 
hypobroniito made by dissolving 8'8 c.c. bromine in 100 c.c. of 40 per cent. 
phto-Hnium hydroxide solution is placed in the bottle, and a measured volume of 
urine in the small test-tube. On mixing. Nitrogen is evolved and is measured in 
the graduated tube. One g.-molecule of nitrogen corrosponds to one molecule of 
urea, ^”ho distndvantogo of the method is first, that urea does not evolve the 
theoretical quantity of nitrogen, and secondly, that the other nitrogenous 
Buhstiinccs present in urine also evolve small quantities of nitrogen. 


Uroa is commonh' recognised by the biuret test (p. 312). A 
sensitive test, also sometimes used to determine urea, is its reaction 


^ The actual nu-al can ho ufcil, <*r, iiuich bettor, the «lry tablets of urease 
Hupplicil by cheinical retailers. Tho tablets are dissolved just before use. 
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with xanthydrol. which gives an ii^soluble 


crystalline dixanthylure-.: 


C H 

n/ ‘ ‘\CH-NH C0 NH HC<; 

\c.h/ 


CO. 


rr f VrPfi —Urea is greatly used as a fertiliser, and in addition 

“sfnT:: Se/ relrn^aTr^^ns; 

S ani->0^ and are much used for making hght, unbreak- 
able, brightly coloured ornaments, tableware, etc . 

Exnt 71. — Reaction* of Urea. (1) Heat 
#1 norfioQ- note smoU of aiiimotua. UiKSolve 
?iiduo in sodium hydroxide solu- 
tion- add 1 drop copper eulphato solution, 
a pinkish violet colorotion (biuret reaction) 

“ ?27 TTsUon;^ solutions of urea add (o) 

- 

witlySaOT. no ammonia 

avoWaS Heat a portion wi.l: 

Hoda or soda-linio: ammonia comes oU 

To bromine water odd caustic soils 

dd'‘^ excels' of cold" Uy'lro 

. a^l To the blue solution of 
^Z, .ii^adJa .ointion of urea. Nitre 

2??^“ S : == 

StlJ;‘ boUin^ ya™'r‘aeaty™raa"cry:t«iU.c.a out o„ rooU.«. 

313. Semicarbazide H N^CO« 

!;;°d«rkoWn“ ? "r«'n.. btn • “» 

hydrazine {§ 27-2. 409). reducing nitrourea. which is itself prepared 

b/re'itmu’o? roiSratl^^I s^ulphurie Lid on urea nitrate. 

H,N.C0 NI1,N()3 - H,0 - H.,NCO.Nl. N<>, 

li.N-CO Ntl NO« + OH - n.N CO-NH-NM. + 2H.O. 



Fio, 49. — D^'t^rminntion of 
Urott by roiu-‘4.siuin Hypo- 

hroinito. 
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When eomioarbazide hydrochloride and a substance containing a carbonyl 
group are brought togetlier in alcoholic solution the fscmi-carbazonc is formed 
and is precipitated as a crystalline solid by addition of water. 


R. 

^C-O + II^NKHCONH. 
It ' 

Jvoton^. Semicarbazide. 


R. 

C^N-NTICO-NHg + UsO 
R 

Scmicarbazone. 


They have the advantage over phony lh5'<lra7.onea in that they are readilj* 
hydrolysed into tlieir components and are thus iisofiil for purifying uldehydcs^ 
ketones, etc. 


THE UREIDES 


314. AcylUI6&S SDd Ur6id6S4^“Urea reacts with acid chlorides, forming 
acyl dorivativcrt. Thus with acetyl chloride a derivative CHsCO'NH^CO NIlj, 
acetvhiroa, is formed. Bromodiethvlacotvlajoa, 


13r 


C'sH 

C,1I 


h , I 

^C-CO-NH-CONUg, 

ft 


known os vra<lal, and id a useful hj-pnotic. 


Ureidcs . — Urea reacts with the acid chlorides of certain dibasic 
acids forming compounds culled ureidcs: 

/NHg Cl-OCv /NH— CO. 

0 = C^ >R 0 = C^ >R 

XHj Cl-OCr ^NH— CO^ 

1 n u, Acid chloriflc. Urcide. 


'rii<‘so uroidos have acidic j>ropertio 3 , the hvdrogen of the =NH 
group being rf‘{>laceablG b)' metals. Tlio =NH group shows basic 
[)roperties in the secondary amines, e.g. ((’113)2X11, rlimcthylamine, 
but wlien attaeln'd to an acidic electronegative group such as =CO, 
it sliow- aciiiit; properties. Tn other compounds, such us pyrrole, 

llt’-l'lK 

. XU, it shows both basic and acitlic propiutios. 

lie Cll''' 


Among the ureidcs arc several imjiortant drugs, and also several 
sub>innt(s found in tlio animal body, probably as stages in the 
d<‘gradation of protein to urea. 


315. Parabanic Acid, Osalyluiea.— i'arai.nrio n.-iri, oxHiyiurea. 

NH 

1(1 I , <-iui hr iiuiilr hv iiri( ariil ’.vith nit rlr aciil or hv the 

Nn CO 


nrtii'n of oxfilvl i-l;!' iriili- ftj iir.-a O'. J. 

It is a < r\ r >li(i. t-Mlnhlc ui \v;iti‘r. 


It f >rrti^ mjcIi 


.NK- c<» 

t'o. I aTiil 

NH — CO 


CO 


X \i;-CO 


X At; -CO 
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alloxan 

316. Baihiturio Acid, Malonytoea.-Barbituric acid, 

is of importance, since some of its derivatives 

-r and mca in 

presence of sodium ethoxide 


NH, EtOCO^ 

oc< + 

^NHa EtOCO^ 


CO 


NH— COv 

/ \CHj+2EtOH. 

\nh— CO^ 


vioTuric acid '33 in tbo solid state while 

^ 

.NH— CO^ ^ ^ 

colourless, is thought to have the formula = N.OH 

rR 7 nv its stroncly coloured solutions probably 
thus being an oxime (§ /O). its strong y 


have the formula OC\^ 


NH—CO 


NH C 


N=0, and are true nitroso- 


011 

compounds (cf. § 129). ,■ m i 

rpmp"ared a:’in\ 259) with uica, in presence of sodium ethox.de: 

Et 


NH, =0C/ %C<" + 2EtOH 

Et O Co/ "^Et ^NH CO^ ^Et 


Uroa + Dietiiyi 

tum.-nal or p/.«solcjtiton«, 

L"‘'':rrr»ii7hiri;.« a, 

318. Alloxan, i. ....■so,alyl ....d c»n bo mod,. 

by oxid... nrio 1 ■" 

important murexi'JH U'*!’'" > 
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THE PURINES 

319. Purine. — Many ureides containing two molecules of urea are 
known. These are called the purines, and a number of them are 
animal or plant products. They are regarded for the purpose of 
nomenclature as being derived from purine, the formula of which 
is given below. The atoms of the rings are numbered 1-9, as shown: 

1 N— CH 

I !■> ’ 

2 CH C— NHv 

II II 

3 N 

4 9 

320. Uric Acid, CgHiNjO,. — Uric acid is the most important of the 
purines. It has the formula: 

NH— CO 

I I 

CO O-NH. 

1 II >0 

XH— C— NIK 


but it exists in an enolic form (§§ 256-257), as: 

N=C(OH) 


CiOH) 


C(OU)C— NH 


N 


Cr— N - 


and can therefore be called 2 : 6 : S trihydroxjTuirine. 

Occurrence and Preparation . — Uric acid is found in small quantities 
ill the urine of carnivora; the urine of herbivora contains hippuric 
acid (benzoylglyoocoll, § 4.57) instead. Human urine contains 
appro.xlmatcly 0 05 per cent. 

'I’ho excrement of birds and snakes contains a largo proportion of 
uric acid. 

Sodium urate accumulates in tlie tissues of gouty persons. The 
«‘xact connection between the gouty condition and the formation of 
uric acid is not clearly understood. It is possible that uric acid is an 
intermediate product in the decomposition of waste protein tissues to 
urea — the normal means of nitrogen excretion. 

Uric acid is commonly prepared from .serpents’ excrement, which 
Ls nearly p\ire uric acid, or from guano, the excrement of sea birds, 
which, being used as a fertiliser, is easily' available. 

'I'he guaiK* is lH)iled with dilute alkali. The hot solution is filtered 
and the resultit»g solution of urate decompo.scd by hydrochloric acid. 

Uric acid has been synthesised by various methods, of wliich the 
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CO 


C =N OH-> CO CH NH, 


C— NH 


\ 


CO 


's i’sss ,s -s'!. 

cyanate and gives pseudo-nric acid, ahich, ^vnen 

hydro^o^acid, gives ur^a^^ 

1 HNO2 I ' ^ 

CH, -> CO 

ijH_CO NhJsO 

NH_CO NH-CO „c,r 

to U»K."r^ iK.™.CO.X„.'!. O _ 

I NH— CO NH— 0— NH^ 

NH-CO _ . ^^'ieado-uric acid. Uric acid. 

is a wMte powder aWnost insoluble in water 
and insoluble in alcohol and usually met with are the 

..s “i-sS- sn^-' ii™,; jss; 

!,.» .. »•" •■“«« »“• '• 
therefore used as a remedy r. variety of products, all 

. jr »-• 

reduced it gives test. This is performed by 


NH— CO 


CO C— NH 


CO 


nh-c-nh/ 

Uric acid (2 moU.). 


CO 


CH— O— ClOH) CO 

1 I ) 

Na_CO CO Nil 

Ailoxuntiu. 


NH— CO CO— NH 


CO C— N=C 


CO 


NH— C(0H) CO— NH 

M ureziclo. 
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ating to dryness on the water-bath and adding a little ammonia. A 
strong purple coloration due to murexide indicates the presence of 
uric acid. 

Alloxantin is first formed by oxidation of the uric acid and gives 
murexide with ammonia. 

Uric acid is also detected in the sediment from urine by the 
characteristic forms of its crystals, which gather as rosettes and 
dumb-bell-shaped aggregations of microscopic crystals. 

Expt. 72 . — Murexide Reaction . — To a few mg. of uric acid contained 
in a porcelain basin add a fow drops of concentrated nitric acid and 
evaporate to drjTiess on the water-batli. A yellowish r&sidue (alloxantin) 
remains. Moisten this with ammonia: it changes to the purple murcxxde 
or ammonium purpurato. On adding sudiam hydroxide the colour 
becomes blue. 


321. Xanthine. — Several important alkaloids are derived from 
xanthine, which may be rcgartled as the keto-form of 2 : 0-dihyclroxy- 
purine: 

XH— CO 


1 I 

CO C— NH 


NH— O 


•N 




CH 


Xanthine much re.senibles uric acid, but, unlike it, has basic 
propcrtie.s owing to the — NH — groiiji in position 7, which is not 
ailjacent tt» an acidic carbonyl group and thcrolore does not have its 
basic properties neutralised. 

'I’ho two important alkaloids — Iheobromine foujul in cacao beans, 
and caf/ifinc found in tea ami coffee — are methylxaiitbines: 


MI 


-CO 


CO 


0-N(CH3) 
rca 


NiCHa) — C— N 
(.'i ; 7 tJinu‘lliv Ixanthint') 


N(CH3)— CO 

CO C~N(CH3) 

1 II CH 

N(CIl3)-C^N 

(1 : : 7-trinit'tliylsnnthine) 


'riieobromino is not of practical im])ortance, but caffeine is of 
interest both as the active jirinciple of tea and coQ'ee, and as a useful 
drug. 

322. Caffeine, Theine, 1:3: /-TrimethyLxanthine. — Caffeine is 
contained in tea to tlm extent of 2 0-3 per cent., and in coffee to the 
extent of 1-5 per cent. It is e.xtracted on the commercial .scale from 
damaged tea by extraction with boiling water or alcohol. The 
solution contains chielly caffeine and tannin. 'I'lio latter is precipi- 
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tated by means oflead acetate. The atered solution is concentrated 
and caffeine crystallises out. 

Fxnt 73 —To Prepare Caffeine from Tea.—BoW a quarter of a 
pc!nd o^tca trth C.C. if water for twenty f 

Lougb ciotb or^ a water. 

Add\o the hot filtrate a strong solution of basic lead aceta^, 
^al bv boding load acetate solution with lead monoxide. 
Filter at once from precipitated tanmn, etc., using a large 

f si 

like crystals of caffeine arc lorintd. 

Caffeine forms long wbito felted needles with a bitter taste, 

sparingly soluble l,vdrochloride are used in 

m “ action of -1^;;; 

:i;: - - r hr;:, Mi.Hcina.iy .t . employed to 

relieve headache and also as a diuretic. 


derivatives of THIOCARBONIC ACID 

323. Thiocarbonic acid pritiu,^rb„n^ -;al., 

or .hino„rha,„c ao,.. ar„ .ho 

xonllujU^ un<J (htourea. , , action of alcoholic potush (which 

Potassium cuHdoi. di.ulphi.lo: 

oontuiiis potudsium othoxiuoj on OC.H 

„ S = 


C + O— C^llfi 


\ 


SK 


S 


It crystallisoB ui colourless needles. 


Xanthic acul, S — 


hrcak.-d up on gentle wanning into alcohol and 


t'Tf 


by xaa.hatc- in the ar.iCcial ailk ia.Ia.try (§280) 1. ot 
great industrial importance. 
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xNHg 

324. Thioiirea» Thiocarbamide, S = C(^ , is made by methods 

analogous to those used for urea. Thus it can be made by heating 
ammonium thioc 3 ’anate. The reaction is reversible, only some 25 per 
cent, of thiourea being formed at equilibrium. 

NH* SNC ^ NH,— €S~NH,. 

In its general properties it much resembles urea, giving salts with 
acids, alkj’l derivatives, thio-ureides, etc. 

Allylthiourea, CaHft'NH-CS-NHj, is made by the action of 
ammonia on mustard oil {§ 176), allyl isothiocyanate. It is known 
as thiosinamine and is used in medicine for softening and removing 
scar tissue. 


DERIVATIVES OF ORTHOCABBONIC ACID 


325. Ethyl Orthocarbonate, C (0 C2H5)4. — Orthocarbonic acid, H 4 CO 4 , 

does not oxidt, but its ester, ethj'l orthocarbonate, is made by the action of 
sodium ethoxido on chJoropicrin (trinitrochloromethano): 


NO 3 

I 

Cl— C— XOs f 4Na OC2H5 
N'Oj 



C^Hs— O— C— O— CjUs 

O 

+ NaCl + SNaNOa 


I'lio e.-itci-rt of oithocarboiiic acid are stablo substances having the general 
bcluiviiiur uf esters. Hyilrolysis gives a carbonate and an alcohol: 


(.’(OCjIIs)* + 2KOH + H 2 O = KaCOj + 4 C 2 H 4 OH. 
riiiTo is no truo amide of orthocarbonic acid, ClNHa)^. An iminoamide 


.XII 2 

Ills’ = 0'^ .is known and is called guanidine. 
'Xil.j 


326. Guanidine, CNalln, HN= Cs^ . — Gtianidino can be made by 

'XUg 

lu'ftting nnimoniiun tliiooynnnto to 180 — 190® C. Thiourea is formed (§ .124), 
and ri';u-ts with t)ie ri-siibml uinmoniuin tliioc^'aimto, giving guanidine tao- 
thijoyanato and liydrogon sulphide. 


)CS + NTlj-CNS 
Nil.,' 



+ HaS. 


Guanidine i.s a strong biiso which forms salts even with weak acids. It is 
easily liydrolyecd to urea and ammonia. 
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Guanidine ie cf some interest .ae a tneans of prepares l.ydtatine and 
hydrazoic acid, by the reactjona given below. 


NH 3 NO, hnOj NHNO: 

„N./ -.at-s. 

G.ianidi.tc Ni>r.iie. 

^ — 

2HjN ^ :X)j + NjH^ 

Hydr^in^ 


NH NH- 


HN = C 


Amln<^cuAnid»ac. 


NH— N^N'-OH 


AlVMil^ N-C-NHj • HN^+H,0 

Oatu.i.idc 


327. Creatine, HN - ^ 


, may bo regarded oa methyl- 


CH, 

e- ..id It ia found to the extent Of 1-3 per cent, in the muscles 

heated with acid.<» it forme crcu/mtne. 


NH 


NH* coon 

CH. 


in. 


/NH— CO 

NU = C< 1 , 

\N CHa 

tl'lla 

Creatinine* 


+ H2O 


323 Creatinine » of imporlunoo a, a oon.ti.uont of urino, a U,tol of 

function of crcatino and ctoatinino in the anin.a. econonty ts st.li 
uncertain. 

questions 

What are the urethane., Ho. are they prepared and what uaes have 

they in inedicineT k , urea can bo made from inorganic materials 

(2) Give two that the urea mado in this way was free 

only. How wouiu you vi^ 

may urea he an amide, What formulie 

f„*^"°hav“ ^“rggXi, ani i.ow are they euppotted by its ehem.cai 

'■’fSrWhat is a 

about its reactions and what ^er cuffeinoT On what evitlonco is 

thf^S: oTnr.Srh'Tedt WhyV we cai. them both purines. 


t 
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(7) 5 c.c. of uriMO, when treated svitli a concentrated alkaline solution of a 
hypobromito, yielded 39*1 c.c. of nitrogen measured at 15^ C. and 770 mm. 
prossuro. Calculate the percentage of urea present. 

(8) How is urea estitnated by means of iireaso? 1 c.c. urine treated with 
Rova-bean urease evolved enough aininonia to reduce the strength of 25 c.c. 
acidf into whicli it was passed, from 0-U2N to O'OOoN. Calculate the percentage 
of urea in the urine. 
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CARBOCYCLIC COMPOUNDS 


CHAPTER XXI 

POLYMETHYLENES AND BENZENE 
POLYIVIETHYLENES 

OH3-, . . • j 1 ^ ^NH 

1 1 I ^O succinimido, | / ’ 

mention ethylene oxide, CHj— CO^ 

of more than one however, closed chains made up 

"of Compounds^ontai^ auch a structure, are 

Bimffrof'iheao are the ..olymethylenea, iaomerio with the 

npou,,.. c..i.. This ibrnraia can 

be \vritten in the following ways:— 


CHa 

CH, 

1 

1 

CH, 

CH 

1 

CH 

11 

CH, 

11 

CH 

j 

CH, 

X. 

II. 



CH3 CII 

c 
!1 

CH, 

ni. 


1 1 

rigC— 


IV. 


Four compounds of the , ted 'with the double 

are typical olefines, — ■"g uL or iaobutane, they react 

With bromine m the col ^ formation from the various buty 
oh'lor^r^fdneal ua to assign to then the formula, I, II and 1 1 1 
respectively: 



328 POLYMETHYLENES AND BENZENE 

The fourth compound of formula C4H8 is made by the action of 
sodium on aS-dibromobutane. Now the action of sodium on a 
paraffin halide is to withdraw the halogen atoms and let the residual 
CHa groups combine (cf. preparation of ethane, § 25). This reaction 
then leads us to the cyclic formula IV:— 

CHg— CHa— Br CHa— CHj 

1 + 2Na = I I -f 2NaBr. 

CHa— CHa— -Br CHa— CHa 

The properties of the compound bear out this formula. It has 
none of the properties of an olefine. Hydrogen halides, permanga- 
nates, etc., have no effect on it, while the halogens form substitution 
products (e.gr., C^H^Br) and not addition products. It seems clear 
then that the double bond >C = C< cannot be contained in this 

H3C— CHa 

compound, and the formula | | is the only possible one. 

HaC— CHa 

The various compounds which contain closed chains of methylene 
( -Clio -) groups are called poli/rnelhylenes. 

330. General Methods of Preparation of Polymethylenes. — (1) 
Polvinethvlenes are made by the reaction already mentioned — the 
ficliijn of sodium on dibromides of the paraffins: — 

/CHo-Br yCHj 

\UC( + 2 Na = H^C/ | + 2NaBr 

^CHo-Br 

1 : 3-DibruinopropaD«. Trimothylono, 

(2) When the calcium salt of a dibasic acid is distilled a cyclic 
k-tone is formed (of. [>. 131). Thus calcium adipate jields keto- 
]'■“^tamcthyleno, or cyrfopentanone, 

CH2— CHa— CO— 0. CHo— CIL. 

I >Ca = I )CO + CaCOa 

CH 3— C H a— CO— 0^ CH 2— CH 3/ 

This compound can bo reduced by hydrogen iodide at high 
temperatures to pcntamethylene. Thi.s method is of value only for 
o-, 0- and 7-meinbered rings. 

(3) Xurnorous inotluKls aro availublo for rnukini; cQmpi*>undd of tho poly- 
leiios (ftjr thesa liyclrocai bous form acici^, Imlidos. amine.s, etc., like tho 

parafiiiiH). Most of these are bu-sed on tho iniilonic ester or biiinlar svnthescd 
l§§ 25S. 2o9). 

rolyinctliyloiies are constituents of petroleum. 

Tho general properties of the polymethylenes resemble those of 
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the paraffins (§ 29). trimethylene being exceptional and behaving 

”^*331^^1ative^Stability of the Polymethylenes.— If 

that thevalencies of the carbon atom are symmetncaUy distributed 

L“ .bo- b. 

SJ-i rhXrvrr.i « ...a. 

Oisi-ance uom nf this arranc^ement should set up 

orbits of electrons any deformation ot this a^a ^ 
a state of strain and a ring ^in„g approximate 

* ^ llhl . 


Trimethylene 
Tetrametbylene 
Pentamethylene 
Hexametbylene 
Heptametbylene 
Octamothyleno 


60'* 

90* 
108* 
120 * 
128* 34' 
13.')* 


Divergence from 109 ° 28 '. 

49* 28' 


19* 

1 * 

10 * 

19* 


28' 

28' 

32' 

6' 


- 2'.* 32' 





It should follow then that, if the atoms in a cyclic compound form 

plane polygonal rings pontame- 
thylene should be the most stable, 
and the other polymethylcnes 
less stable. Trimethylene should 
be markedly the least stable ot 
these hydrocarbons. This is 
approximately true. The trime- 
thylene ring is easily ruptured 
and the properties of this 
hydrocarbon are much more like 
those of an oleQne. The differ- 
ences of stabiUty between the 
remaining polymethylcnes are not 

BO marked. More recent work indicates 

tions constitute Baey nncle between the carbon atoms ol‘ the 

that other factors besides he ^ trimethylene 

ring, >“,",“1 of :ims form plane rings. A six- 

membered jmg. for fact 109* 28'. and it 

the angles between 

appears clear that al o therefore strainless. 

-V-t Ten a r'lpid increase of stability as we pass from 


Fio. GO. -Strninlesfl O-rncmborecl 
KitigH. 
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trimethylene to pentamethylene, the higher members being all 
equally stable, and this is in accordance with the observed facts. 

CHav 

332. Trimethylene, cycZoPropane, | yCH™. — Trbnethyicne is made 

0H2 

by the action of sodium on av-dibromopropane. 

.CHg-Br /CH2 

HaC/ + 2 Na — HjC/ | + 2 NaBr. 

^CHoBr 

It is a Ras which is easily condensed to a liquid. 

It is less reactive than the olefines but more so than the other polymethy- 
lenes. Tims it reacts with bromine to give a 7 -dibroraopropan 6 , BrHoC'CHn* 
CHaBr, with hydrogen iodide to give propyl iodide, and with hydrogen (in 
presence of finely divided nickel at 80“ C.) to give propane. It does not react 
with potassium ponnangomate solution. 

Those reactions are less vigorous than those of tho corresponding olefine, 
propylene, CH3 CH = CH2. On tho other hand the higher and more stable 
polytnethylunes do not react with hydrogen iodido or with hydrogen. 

333. Hexamethylene, cyc?oHexane, Hexabydrobenzene, C 6 H 12 . — 

Hcxainelhylouo can bo made by treating n>/-dibromolioxano with 

sodium: — 

CHa-CTIvCHyBr 

I -f- 2Na =1 I + 2NaBr. 

riUCH.CHa-Br CHo-CH.-CHa 

It is, liowevcr, always made by the reaction of hydrogen and 
hrnx.tujo vapour in presence of finely divided nickel heated to 
2ii(> 2r.0^('. 

fu/r/oH o.vane is a colourless liquid smelling bke petroleum ether. 
It. lioils at SI ° C. 

U roseiubles a paraffin hydrocarbon in its inertness. It is attacked 
Ity liroiuine only at 150° C.; nitric acid slowly oxidises it to adipic 

:i‘. .vl. 



CH, COOH 

I -f IlnO 

CTis coon 

'^cu/ 


(’//r/ollcxane is a constituent of petroleum. It is used as a solvent 
ami as a source of mlipic acid, used in the manufacture of baking 
powilers and of ‘Nylon’ polymers. 
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334. cyc/oHexanoI 


/^\ 

H.C CH-OH 


I I — cycioHexanol is made 


HoC 


CH 


\c/ 

H, 

commercially by passing a mixture of phenol vapour and hydrogen 
over finely-divided nickel at 170° C.:— 

H “a 



HC 

COH 

H..C 

4# 

1 

CH-OH 

11 

HC 

1 + OH = 

1 

1 

CHj 

✓ 

CH 

lUC 

% 


H 



H 


_ . -j 1 with an odour lilio aiuyl alcohol . 

Hr =s 

industry in order to increase their detergent action. 

335. Other Hydroxy-polymethylenes.^Maay of ti.co are knoen. 

ciKoni-ciu.mi. 

«u«ref(ol, ''""\cll(<)II)-t:ll(l)ll)/ 

. I : .ih in acnirn fiml fioino other 

i, » .olid optically activo ...l..tanco vvlocl. ... cor. 

vegetable produotrt. 


Inositol^ 


( 11(010 (. 0 ( 00 ) 

' (11(011) CIKOIO^ 


CH{()10, 


I r.,w Tl.fso are f-.nn<l in ntin.- rnua i.tiimal 
occ.ira in eovoral in ^Irva tu.o tu ll.o sugnit, (^ I’cSl 

and vegotublo prociucU** iiitir 

should bo noted. 

aroiMATIC compounds 

« i;.. n^mriAiinds All enormous number 

336. Classification of Cycbc Compounas. h i 

of derivatives of the 

earliest of these to be d.sco%c drawn between 

chiefly of plea-sant ^ from henz-eno and the ‘aliphatic’^ 

the ‘aromatic compounds 1 ,,^,jroearbon.s. 'J he names have 

compounds derived from he ,ompounds difler so 

c«;npnun..s ...at th..y Cviously him, a 

well-Boparatcd class. 

» Greek fnt. 
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Tho classification of organic compounds into aliphatic and 
aromatic compounds soon proved inadequate and the following 
system of classification has gradually been adopted. 

(1) Open-chain OT aliphaiic compomida: 

(2) Cyclic compounds: 


Sub- 

divided 

into 


(i) Carbocyclic compounds having ring systems com- 
posed solely of carbon atoms. 

(а) Aromatic compounds containing one or 
more benzene rings. 

(б) Alicydic compoimds containing other 
ring systems. 

(ii) Heterocyclic compounds containing ring systems 

made up of more than one kind of atom. 


sub- 

divided 

into 


BENZENE 

337. Discovery and Manufacture of Benzene. — Benzene was first 
di.scovered in 1825 by Faraday in liquids condensed from the 
vapours formed when oils and fats were destructively distUled. 

It was later prepared by the distillation of benzoic acid— obtained 
from gum benzoin — \rith lime. 

It may bo sjTithesised by various methods (§ 339), but none of 
these is of practical use. It is now manufactured from coal-tar. 

I'he hydrocarbon benzene occurs in considerable quantity in coal- 
tar. In the manufacture of illuminating gas and of coke, enormous 
quantities of coal are distilled at a temperature of co. 1,000® C. When 
coal is distUled under these conditions the products are: — 

(«) A gas containing methane, hydrogen, carbon monoxide, 
ethylene, etc. 

(6) An aqueous solution containing ammonia, ammonium 
sulphide and other ammonium salts. 

(c) Coal-tar. 

{(1) A non-volatUe residue of coke. 

^i'he benzene is mostly condensed when the gases evolved from the 
coal are first cooled, and so forma a part of the coal-tar. A certain 
amount passes on as vapour and is often recovered from the gas by 
scrubbing it with creosote oil (r. below) which dissolves it. The 
creosote oil is distilled to separate the benzene. 

The coal-tar is a black, somewhat viscou-s liquid, and consists of an 
exceedingly complex mixture of hydrocarbons, phenols, etc It 
contjiiua more than 200 recognisable chemical compounds, but the 
chief product.^ contained in the tar in commercially valuable 
quantities are; — 
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(1) Benzene and methyl-benzenes (toluene, xylene). 

(2) Phenols (hydroxy-benzenes) (phenol, cresols). 

(3) Naphthalene. 

{s’) fXkx mixture of higher hydrocarbons udth some free 
carbon, kno\^Ta as pitch. 

condensed and coUected m five fractions. 


B.P. 

product 

Chiof C<Jii»tituantd 

Up to 110“ 
110-210“ 

210-240“ 

240-270“ 

270- 

Light oil 

Carbolic oil 
Creosote oil 
Anthracene oil 

lYater, benzene, toluene. 
Benzene, toluene, xylene, 
naphthalene. 

Phenol, naphthalene. 
Cresols. 

Anthracene. 

The recovery of phenol, naphthalene, etc., L, discussed under the 


XDt? icvuvcij ' * 

■ading of these substances. contains 60-65 per 

Benzene is obtamed from y 12-15 per cent, of 

cent, of benzene and 'd 1-3 per cent, of basic 

naphthalene, S-10 per cent. » ^ ia'agituted with sulphuric acid 
substances such as “ ““ „f the thiopher., C.H.S 

which removes the bases :„.,,yritv H is then washed with 

(§ 551), which is a troublesome .j-he oil is distilled, 

sodium hydroxide a dephlegniator similar to that 

the vapours being passed thr fj’ ^ ji-j pj). The i.ssuing 

used in^ the di^tiUation o a IcoboUCoh.^^^ 

vapours are condens^ anl boiling at 110“ and xylene 

boiling at 80* C-. P^rtber purification is carried out, if 

[C.HdCH 3 ).]boihn 6 at UO ^ Benzene 

needed, by treatment with suli nrenared from petroleum in 

and its derivatives are I fr„„i the iion-aromutic con- 

which they occur ".forn.ing and by lugh- 

stituente of petroleum J .. catalyst. In the former 

temperuturo cracking m th I to about 500“ C. at a 

process aliphatic compou . presence of a catalyst, 

pressure of about 2.50 "j'*: , "irogcnated and then cycliscd. 

The aliphatic compound IS hrst UttiJ h 
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The high temperature cracking is carried out bjr cracking paraffins 
at a temperature of about 650° C. in the presence of catalysts. 
Many aromatic h^’drocarbons have been isolated by tlxis process. 

338. Structure o£ Benzene.— The hydrocarbon benzene, CcHa, 
and its substitution products, C8Hg_flX„, form a considerable part of 
the subject-matter of organic chemistry. 

The assignment of a formula to benzene is therefore most im- 
portant. 

The facts which guide us in arriving at the structure of benzene 
are the foUovdng: — 

(1) Benzene is an unsaturated compound which can react addi- 
tively with 2, 4 or G, but not with more atoms of hydrogen (§ 342). 
Thfi final product, hexahydrobenzene CgHia, is a polymethylene and 
can ho 8\"nthesised by the action of sodium on </(;-dibromohexane. 
Tlic reaction of benzene with hydrogen may therefore be written: 

CH, 

/\ 

CH, CHj 

CeH.-h6H= I I 

CH. CH., 

\/ 

CH* 

Thi.s in<li<‘ates (but docs not prove) that benzene is a cyclic com- 
[)OVIIul. 

(2) If benzene were a straight-cliain compound the formula, 
containing onlv one hydrogen atom per atom of carbon, would have 
<loiible or treble linkages like tliose of an olefine or acetylene. 
I’enzeno is, it is true, uri&aturatcd, b)jt reacts additivi-ly with 
halogeu.s and oxidising agents only with great difficulty. 

'I'wo straight-chain compounds, CgHg, dipropargyl, 

HC = C - CHo-CIIn— C =CH. 

and hexa- A"'-dieno-A‘'-inene, 

HX' = CH— Chs C-CH^CHa. 

both isomeric with benzene, arc known. Both ol those arc entirely 
unlike benz«‘iie in chemical jwoperties, being very reactive and easily 
oxidisable. rresumably tlien benzene is not a straight-chain 
con\ponnd. 

(3) Ibur/.cne forTUs only oiu' monosubstitution jwoduct. Thu.s only 
OIK' chlorobenzene CgU ^Cl exists. It is possible to make this substance 
by siu li im tliods a.s to en.sure that six speciiuons have been prepared 
with ihe halogen atom on u difj<rinl carbon atom in each case. All 
six ar(‘ identical. This indicates that all six carbon atoms are alike 
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and that one hydrogen atom is attached -ch^ U^th.s worn not so 

one carbon atmn must have thi eSmhm atom conid he placed in 

dXtnt“:S^imts relatively to ‘>>e-.^8ivin^d.&re„t compounds 
(cf. the various chloropentancs, diagram, § o4). Ihu, cMaeii 
that of (1) indicates the formula; 


HC 


the dotted lines leaving the question of valency arrangement open 

X H H H H H ^ 

jj(/ cH 


H X H H H H 


HO CIl 


H H X H H 


3 * ^ ^ ^ ^ , A riim coinpovind pivot* only 

A BtraipWt.fha.n G-oarb.m ^ y 

hydrociirbun would ,, ,-arl-oi* atom, the formula 

iiionosvibHUtution . rotatotl to 


Icaet three iiionosubHUtut 
pro^luctH. 


I.an incT.lv to bo rotntvd to 
,>r..<luvo tl.ut givon iibovo. 


I • i ,.-,.0 n«it hv tl»e mnid)crH of di- and tri- 
Tbia hexagon formula is “ ;,.i p,,.c.isL.ly with what can ha 

substitution products. ‘ iho nitrohcn/.ciies maybe talmn as 

predicted from a cyclic formula, in 


predicted from a cycli 
examples. A formula 


will yield one mononitrobenzeno ^ 


CH 
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for all six CH groups are identical and symmetrically situated. 
From this compound one should be able to obtain three different 
dinitrobenzenes I, II, III. One of these (I) should be able to yield 
two trinitrobenzenes, another (II) should yield three, while the 
third (III) should yield only one tri-substitution product.^ The 
fact that this state of affairs is actually found is the strongest 
evidence for a hexagonal cyclic formula. 

BENZENE SUBSTITUTION PRODUCTS 



One mono-substitution product 


can yield 


three disubstitution products 


which yield 


two, three and one of the three 

trisubstitution-products, 

respectively. 


A ring formula for benzene then explains (1) the formation of 
hexaniethylene from it (2) the difference in chemical properties from 
any olefine or a<'etylenc hydrocarbon; (3) the number of substitution 
products formed. 

The (liffionlty which such a formula presents is that it represents 
i ho carbon atom aa being tervalent and the question of the fat© of the 
fourth valency bond of the carbon atoms is not wholly solved. 

> 'riu*-st*ci»nsidiTuti(U)s only ni)ply when the siihst U lu-nt proups arc identical 
ui- in the trinitruhenzent*.s, CnHsiNOj),. 
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Kekule. the originator of the ring formula for benzene, suggested 
that double and single linkages alternated thus; 

H 

HC CH 


HC CH 

\c/ 

benzene forms additive compou p h or C H (cf ^ 160 on 

C,H,. CeH,o and C«H,,. but not CeH, or CeH„ (ct. 

the double bond). 


H 

C 

HC CH 


H, 

C 


H, 

C 


H. 

c 




HC CH HC CH 


HaC CH 


HC CH 

C 
H 

Benzene. 


HC CH 


HC CH 


HoC CH 





CH, 


CH, 


CH, 


Bo„.ene. Di..y.lrobon..no. 

It also explains the fact that bonz^ f^^^ compounds ^vith 

With a double hnkago >0 Benzene reacts 

ozone, known as ozonides of formula x 


O O 


t^"— n compounds ,say. dlchloco- 


bdozcnes) of formula I a^^l U • 

CX 

^ 

HC CX 

II I 

HC CH 

XT' 

c 

H 

K 


CX 

/V 

XC CH 


HC CH 

X/" 

c 

H 


tl. 
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should exist but do not do so An attempt to avoid this difficulty is 
made b}' suggesting that the double bonds continuously oscillate 
between one carbon atom and the next, so that I and II are merely 
phases of a constantly changing arrangement. 

Evidence has been obtained of the existence of two forma of o-xylene 
(dimethyl bonzone)* corresponding to the^e oscillations of the valency bonds. 
When 0 ‘xylone is treated with ozone it gives a mixture of two ozonides (§ 181), 
which when hydrolysed gives glyoxal, diacotyl and methylglyoxal. If xylene 
existed only as formula I or II. only two of these three products could be 
obtained. 


H 

HC C-CII, 

J, II 

HC- C-CKg 

M 

Xylene (!). 


HC C— CH 3 3H«0 

l\ 


HC 




/O 3 
C-CII 3 


O 


u 


HCO 
4- \ 

n-co CO— CHj 

I + + SHgOj 

H-CO CO— CUg 

+ / 

H-CO 

Glyoxal and methylglyoxal. 


H 


II 

C 


O 3 


/<l 


HC 

CCIIa 

TIC 

C CH 3 3 H 2 O 

UCO 

|| 

1 

1 

I 

» 


+ 

HC 

‘•CHa 


HCO 

^C 

4 

HC 

C-CM 3 

> 

\ 


}{ 

Xylt ne (2), 


o 


HCO 
^ + 

CO— Clla 
I -f SHgOa 

CO— CH3 
4* 

u-co 

lilyoxal and diacotyl- 


(2) T’.cn'/j'iic i.s so imich Ic.^s reactive than the olefines {v. p. 334 
above) that it is difliciilt to believe that it contains a double linkage. 
Moreover cyc/o-oetatetrene. which has a formula analogous to the 
Kckule torninla for ben7,ene, docs not resemble benzene and does 
resemble the oleliries. 
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Natiiraltv many attempts have been made to suggest a better 
formula. Ladenburg’s prism formula (III) and any three-dmmn- 
sional formuliE are ruled out, since they would make some of the 
substitution products asymmetric and therefore optically actue. 
None of the benzene substitution products shows asymmetry. 


HC 


CH 


\ 


CH 


HC:* • 

X 


CH 


CH 


H 

\'/| 

'■'Xl/" 

\ 

t 

H 


IH. 


IV. 


The centric formula (IV) of Armstrong and Bacyer represents the 
fourth valency as directed to the middle ot the ring. The chief 
objection to it is that it postulates a new type of valency for ho 
special case of the benzeno derivatives. The theories of 1 hide and o 
Ingold are perhaps beyond the scope of this work. It is clear th.i 
the bl/eno ring presents a case in which the onhnary me hods of 
representing formuho .lo not provulo an adefpiato pictuie ot the mode 
of^linkage and the bonds linking the six carbon atoms are be.st 
regarded as inU-rmediate in character between the ordinary single 

“"in'racUenim Kokulb formula (I) la ordinanly adoptod and, if it 
is remeinborc<l that the linkage deplete.! as ethylenic differs great y 
in reactivity from the double linkage m an olefine, the foimula ser\es 

well to exnlain the properties of hen/.ene. 

Some ol the physical properties of orgnmo coii.|,ouTids, e.,j 
1 1 !• rr»friietivitv ma"netic rotation, parachor, etc., have been 

Sunrto depend on the nature and number of the Unkages contained 
t tt moloculo. The results of studies of these properties, on the 

whole are in favour of the Kekuk' formula. . , . 

The 3ern view on the struct uro of benzene involves the applKu- 
tioii of hybridisation. Each carbon untiergoea s/. hyhndisatiun. 
tioii 01 ^ ,.rl,it ils Each carbon has three bonds winch 

utilising ^ each otiicr; two of these bonds link the carbon 

Tits ndgiibourhig carbons in the ring. The tliird links the carbon 
Z a hvdLen. All the carbon and hy<lr.>gen atoms are ooplanar 
liach cirb.m has also an electron in a j>, orbital which is imalle.-ted 

by the hybridisation. 
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Consider the -p. orbital of any carbon, say Cj. The orbital can 
overlap with the p. orbital of each of its neighbours. Thus it can 
form a double bond with either of the adjacent carbons. Assume 
that Cj overlaps with Cg. Then C3 overlaps Avith C4 and C5 ^ith C^. 
On the other hand C, can overlap wth Cg leading to double bonds 
between C™ and C3, C4 and Cg, and Cj and Cg. There is no reasons why 
one arrangement of double bonds should bo more likely than the 
other; each p. orbital overlaps the neighbouring p- orbitals equally. 
Instead of accommodating the six p^ electrons in three tt orbitals 
each linking two carbons, one envisages a system of three tt orbitals, 
each of which embraces the six carbons; one such orbital is sketched, 



'riu‘ orbitals ilrawii j>revioiisly for ethylene now stretch around the 
ring. Tlie ri'siilt of this is that the electrons in tt orbitals are no 
langrr locali.sod in a particular portion of the ring. The delocalisation 
accounts partially for the stability of benzene. It can also be used 
to account for tlie transmission of efl'cets from one portion of tlie 
ring to anotlicr; for example, why certain groups are ortho-para 
directing and others are incta directing. 

It can ]>(' seen immediately how close the. modern picture of the 
structure of benzene is to KcUule's original idea of oscillating 
dt)uble 1)' 'lids. 

339 . Preparation of Benzene. — Benzene C4in be prepared by the 
follo^ving reactions; — 

( 1 ) Acetylene, when fiassed through a hcatetl tube, yields some 
benzene: 





CH 

HC 

CH 

_L 

i 

111 

= 1 



lie 

CH 

HC 

CH 




( 2 ) When benzoic acid is distilled with lime, benzene is formed; 
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H 


H 


HC C- CO-OH 


HC 


HC 


\ 


V 

CH 

1 + CaCO 

CH 

7 


+ CaO = 

HC CH 

\c/ 

H ^ 

This method may be used to prepare very pure 

it benzene, the alcohol being o^dised to aldehyde^ 

C,H.-N.-C1 + C.H.0 = CeH. + N, + HCl + C,H.O 

V'T'ni 14:— Preparation of Benzene.— Grind 5 g. of benzoic 

„fd :,.h 10 f 

test-tube connected to a U-tubo cool y , j. -j 

beuTone is best prepared 
340 PunI.cat.on o! Ber^ene.^ repeatedly shaking it rvith small 

from the commercial prodi y I , . , u/j which 

quantities of sulphuric acid to remove th.ophen, HL 


HC CH 

1 • ,r wav The product is fractionated 

ia not easily removed in ariy j.^.tain 3 most of the 

and then partly frozen. I *• are very pure benzene. 

impurities, and the crysta sseparatmg at Sj^a ve^ 

341. Physical Proper^hes has no visible colour, 

Uquid with a ultra-violet portion of the spectrum, 

it shows absorption bands 1 many coloured sub- 

a fact of some interest ^^oj^Tbe vapoL is somewhat 

stances contaimng benzene ring (§ 

poisonous. * r r and is a useful substance for cryo- 

Benzene freezes at o 4 hnils at BOA® C. under 

Boopic molecular „aL (sp'. gr. 0-884/15“ C.j. 

normal pressure It \ water, but is mi.scible with 

Benzene does not disso^ othe^ organic solvents. It is an excellent 
:ot"enr?:r“organle Bubatan^oB and a alao dlaBolvea pbOB- 

oi Brn^n:.-V.eue burna readily 
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with a bright and very smoky flame. Its chemical reactions may 
be grouped as: 

( 1 ) formation of substitution products C 5 Hj_„X„, 

( 2 ) formation of addition products 

(3) reactions involving disintegration of the ring. 

Substitution Products. — Chlorine and bromine, in bright sunshine, 

form addition products, e.g.^ CgHgCl^ (v. below). Under ordinary 
conditions, however, halogen atoms are substitute for the hydrogen 
atoms. The action is very slow unless certain substances, ‘carriers’ 
or catalysts, are present. The substances which can be used as 
carriers are numerous. Among the best are iodine, molybdenum 
chloride and ferric chloride for chlorine, and aluminium bromide 
for bromine. 

.Mowo-chlorobenzeno is prepared by bubbling chlorine through 
boiling benzene containing about 1 per cent, of iodine, the benzene 
vapour being condensed and returned by a reflux condenser, 

CeHe + Cla = CgHjCl + Ha. 

If the chlorination is continued for a sufficient period, di-, tri-, 
tetra*, penta- and hexa-chlorobenzenes are produced of formulce 
CgHjCla, CflH 3 Cl 3 , CqHoCI^, C 5 HCI 5 and CgClg. These are further 
discussed in Chapter XXII. 

Bromobenzene is readil 3 ’’ prepared on the laboratory scale, by the 
method described in Expt. 75, § 348. 

The radical C^Hj — is known as phenyl, and accordingly chloro- 
and bromo-benzene may also be called phenyl chloride and bromide. 
Phenyl must be carefully distinguished from benzyl, CgH^'CHj — 
(§ 442). 

Benzene is readily attacked by hot concentrated sulphuric acid 
or by cold fuming sulphuric acid (solution of sulphur trioxide in 
sulphuric acid), benzcnesulphonic acid, CgHfi-SOa-OH, being formed 
and Nvator being eliminated. Di- and tri-sulphonic acids can be made 
by the use of heat and fuming acid. The benzcnesulphonic acid is 
isolated by means of its soluble calcium or barium salt, as described 
in §351. 

HO— SOa— OH 
H SO 2 — OH 


HC CH 


HC CH 


HC CH 

\c*^ 

H 


HC CH 

\c^ 

H 


+ ILO 
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REACTIONS OF BENZENE 


SUBSTITUTIVE REACTIONS 



.11 ^ but bIowIv w'ith benzene, but a mixture of 

Nitric aci “ ^ readily converts benzene into nitro- 

mtnc acid an s i hringB about tlio forma- 

benzene, 
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bion of dimtrobenzenes, C5H4(N02)2. Trinitrobenzenes are not 
readily formed. The preparation of nitrobenzene and dinitrobenzene 
is described in §§ 368, 370. 


H 

HC CH+HO-NOa 


HO 


CH 


\ 


C 

H 


CH 

/V 

HC CNOj + HjO 

II I 

HC CH 

\/ 

CH 


Nitrobenzene is readily converted by reduction into aminobenzene 
or aniline, which may be converted into a great variety of benzene 
compounrls. The conversion of benzene into nitrobenzene is there- 
fore of imich practical importance. 

I ho reaction ol benzene with halides in presence, of aluminium 
chloride (I'ricdel-Crafts reaction) furnishes us with a number of 
substitution products. An intermediate compound of benzene, the 
halide and aluminium chloride is produced, which on addition of 
water breaks uji, giving hytlrogen chloride, aluminium chloride and 
the sub.stitution j)roduet of benzene. The total effect of the reaction 
may be express<'d by the ('quation 

Cfllle -{- Cl-X = CeH^X + HCl. 

'I bus wo may prepare ethylbenzene by the reaction of ethyl chloride, 
aluminium c-hloride and benzene: 


f C.HjCl = CcH.-CaH, + HCl. 

Acetoj)benoiir may be prepared by the action of acetyl chloride on 
benzene ami aluminium chloride: 


Cell, -f CICO CH3 = CsHs-CO CHa -h HCl. 

AiUlilii'e Iltorlious. — Benzene can be reduced to dihydrobonzene, 
b'clls. I'-tialiyilrolKur/ene, C^jlljo, and he.xahydrobenzene, CgHig. 
The ivdm tion is readily brought about by pas.sing a rai.xtiire of 
hydrt'gen anil the vapour of benzene over freshly reduced metallic 
ni< k< l. llcxahydrobenzeno is identical with hexamethylene (§ 333), 

resembling the paraffins in its 
gciifiu! behaviour. l)i- ami tetra-liy<lrohi'iizi‘no are, however, more 
rcai tiv<‘ than benzem*, an«l rather rosomhlo the olefines. 

rhlorine utkI bruiiiine in direct sunlight convert benzene into 
b-aizcno hoxadiloride or hoxabromaie, the former of which is used 
as the iiLsecticide gammexane'. 
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H Cl 


H 



/^V 


HC 

) CH 

h/ 


1 3 CI 3 = 

Ck 

HC CH 

\ 

/ 



w 


C 


/^\/H 


'\ 

X, 


Cl 

H 


H 


\c/ 

/\ 

Cl H 


This should be contrasted with their substituting action (p. 342) 
in ordinary bght and in presence of catalysts. 

ReXLCtians Disintegrating the Benzene Ring.-'Vhe benzene nn^ is a 
very stable structure, and only very drastic treatment breaks it up. 
Oxidation wnth potassium permanganate give formic, oxalic and 

propionic acid, together with other products. 

Recently the oxidation of benzene vapour by air m presence of 
heated vanadium pentoxide has been used to make maleic anhydride, 
which can be reduced to succinic acid, used in mnkmg certain dyes. 


H 

C 

/V 

HC CH 

11 1 + 90 = 

HC CH 



CH \ 

II O + 2H + HjO 
CH / 

\/ 

CO 



+ 2C0* 
+ 2H,0 


COOH 

1 

CH, 

I 

CH, 

CO-OH 


QUESTIONS 

(1) On what evidence is a cyclic structure for benzene basodT How can this 
does this throw on the structure of benzoneT 
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(3) In what respect does benzene resemble and differ from (o) the parafHn 
hydrocarbons^ (6) the olefines? How are their likenesses and differences 
explained by its formula? 

(4) What effect have hydrogen^ chlorine, sulphuric acid, nitric acid, oxi- 
dising agents, on benzene under various conditions of reaction? 

(5) Describe the preparation of benzene (1) from coal-tar on the manu- 
facturing scale, (2) in the laboratory, (3) from an aliphatic compound. 
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SUBSTITUTION PRODUCTS OF BENZENE 


halides ; SULPHONIC ACIDS : PHENOLS 


343. Halogen Derivatives of Benzene. — We have already seen 
that chlorine and bromine replace the hydrogen atoms in be^ene, 
giving chloro- and bromo-benzenes. Benzene forms twelve different 
cbloro-benzenes and bromo-benzenes, most of which, however, are of 
little importance. It is, however, of interest to see the possibilities 
of isomerism in the benzene ring, and in §344 a list is given of the 
possible cbloro-benzenes. In this table the common practice is 
adopted of depicting the benzene ring as a hexagon, an unoccupied 

angle being understood to contain a group and an occupied 


angle a carbon atom, ^C — . Thus the compound 

H 

C 

/V /\ 

HC CNOa 

11 I is written 

HC CH X/ 

NX 

c 

H 


NO, 


344 Nomenclature of Benzene Substitution Products.-Tho three 
disubstitution products of benzene are known as ortho-, meta- and 
para-derivatives. The arrangement of the groups in each case is 

that shown below: 



X 

X 

^X 







X 

ortho- 

mola- 

para- 

More complex derivatives are 
the ring the numbers 1 — 0. 

named by giving the carbon atoms of 
The atom numbered 1 is that which 
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gives the lowest numerical total for the substituents. Thus the 
compound 

OH 

Br|"^OH 

\y 

OH 

is called l-bromo-2 : 3 : 6-hydroxybenzene (not 3*bromo-l : 4 : 5- 
hydroxy benzene). 


The Chlobobenzenes 





Cl 



One monochlorobenzene: 









\y 




Cl 


a 


Cl 

Three dichlorobenzenes: 

A 

Cl 

X 




\/ 


1 

Cl 

\/ 






Cl 

(ortho). 

(mota). 

(para) 


Cl 


Cl 


Cl 

Three trichlorobcnzcnes: 

X 

Cl 

/\ 

Cl 

/X 


1 

X 

Cl ' 

\y 

Cl 

( 

X/ 


Cl 


( 1 : 2 : 3 ). 


Cl 

( 1 : 2 : 4 ) 


( 1 : 3 : 6 ) 
or Bvmmotrical, 


I'hrce tetrachlorobcnzenes: 


Cl 

/X 


Cl 


Cl 

X\ 


Cl 


Cl 


Cl 


On© pentachlorobenzene: 


“^ci ci\yc\ ci^ 

Cl Cl 

( 1 : 2 : 3 : 4 ). (1 : 2 : 3 : 5 ). (1 : 2 : 4 : 5 ) 

Cl 

Clk^Cl 

Cl 
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One hexachlorobenzene; 


The student should convince himself by trial that no other chloro- 
benzenes can exist. 

halogen derivatives of benzene 

345. Comparison of Alkyl and Phenyl HaUdes.-The compounds 
in the aUphatic series which most resemble the halogen substitute 
benzenes are the alkyl haUdes. Thus ethyl bromide. C.HsBr. and 
phenyl bromide. CeH^Br, have a similar constitution Th® ^ 
difference in their chemical behaviour is the much greater stability 
of the phenyl compound. Phenyl bromide u-iU undergo only a feu 
of the reactions of ethyl bromide and requires much higher tempera- 
tures and longer reaction times. Accor^gly. the phenyl halides 

are much less useful syntheti^lly 

346 Monochlorobenzene, Phenyl Chlonde» CoH^Cl. ( ) ^ 
chlorobenzene is prepared by direct chlorination of b^zene m 
presence of a ‘halogen carrier,’ which acts as a cata >st. lod me. 
phosphorus, iron and molybdenum chloride have aU been used. 

CeHe+Cl, = CeH,Cl+HCl. 

Benzene mixed with a carrier, best a mixture of finely 
iron and ferric chloride, is heated to boiling on the u-ater-bath in a 
flask fitted %vith an inlet tube for chlormo and a reflux con.lenser 
with exit tube to the shaft of the fume chamber. Chlorine, best 
from a cylinder, is bubbled through it m a brisk stream Th 
chlorobenzene, which boUs at C.. is easily separated from 

residual benzene (b.p., C.). r i i 

(2) Chlorobenzene can be prepared by the action of pbospbo 

pentacblorido on phenol (bydroxybenzene). Note that ivlnle c 
^chloride wUl convert ethyl alcohol into ethyl chloride (§ oO) the 
more reactive pentachloride is needed to convert phenol into plienj 

chloride. ^ ^ ^ FOCI, + HCl + C 5 H 5 CI. 

(3) Chlorobenzene is very conveniently made from henzeno- 
diazonium chloride in presence of cuprous chloride (Sandincyer 

reaction, § 399): ^ ^ 

Properrias.— Chlorobenzene is a colourless Uquid heavier than and 

insoluble in water, boiling at 131-8® C. . , , •*, 

It is very stable and wUl not react with caustic potash or with 
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metallic salts in general. It reacts, like an alkyl halide, with sodium 
methoxide at high temperatures, giving anisole, phenyl methyl ether, 
■ CeHsCl -h NaOCHg = CeH^— O— OH3 + NaCl. 

Sodium or, better, finely divided copper-bronze removes the halo- 
gen atom with some difficulty, a complex mixture of higher hydro- 
carbons being the product. The chief product is diphenyl (§ 474). 

The only important reaction of chlorobenzene is its formation of 
a Grignard reagent. 

When treated with magnesium (for method, see Expt. 45, § 162) 
it yields phenj^lmagnesium chloride: 

CeH^Cl + Mg = C,H,-Mg-Cl, 

and from this a variety of products, alcohols, ketones, acids, etc., 
can be made (cf. § 163). 

Ihc reagents which attack benzene attack chlorobenzene. Thus 
nitric acid at 0° C. converts it into three different chloronitro- 
benzenes, the para-compound being predominant. 

a 
c 

/\ 

HC CNO2 
{ { (29-9 per cent.) 

HC CH 

C 
H 

Oi'tho-chloronitrobenzene. 

Cl 
C 

/\ 

HC CH 

II I (0-3 per cent.) 
HC C-NOj 

X/" 

CH 

Mota-cUloronit robe nzono 

Cl 
C 

/X . 

HC CH 

II I (69-8 per cent.) 
HC C'H 

\/' 

CNO, 

\ l\n*a clikHonif n>lionzcnc. 
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It is to be noted that the three isomerides are formed in very 

^ M^'^Orieidatioii Rule lor Benzene Substituents.— It is found that, 
when ‘a monosubstituted benzene derivative is converted into a 
disubstituted derivative as above, the product is either almost 
wholly a mixture of the ortho- and para-compounds or a^ost whoUy 
the meU-compound. Several rules have been de^ed to pr^t 
whether the ortho- and para- or the meta-compound ^ be formed. 
It is found to depend almost entirely on the group already present, 

and not on the second substituent. 

Lcently a rule has been devised by Hamm.ck and lUingrvorth, 

which appears to be almost without exceptions. 

“If in the benzene derivative X — Y, Y is in a higher 

eroup of the periodic table than X. or if. being in the same group 
Y is of loner Lmio weight than X, then a second atom or group ot 
atoms that enters the nucleus will do so m the meta-posit.on to the 
Broun XY In aU other cases, including that in which tlie group 
XY i a single atom, a second entering atom or group goes to tho 

ortho- and para-positions.” . . 

Tho rule may be exemplified by the following cases. 


Compound. 

Fnrmuln. 

Group of 
periodic 
table ofX. 

Group of 
porio<lic 
table of Y. 

Substituting 
groxtp gocii to 

Nitrob^mzpno . 

Clilorobonzeno 

liviuGW Hulpbonic 
acid. 

13cn/.oic ooid . 

CyAiiobt^nzcno . 

Phenol . 

AriiHole . 

'J'oluono . 

Aniline . 

CoHe-NO, 

C0H5CI 

1 CellftSOJI 

QlIjCOOH 

Collfi-CN 

CaH^OCil, 
C.HsCH, 
C«U6 NH, 

n 

7 

i) 

(A.\V.: 12 ) 

4 

4 

6 

G 

4 

5 

0 

none 

i\ 

{A.W.IG) 

G 

6 

1 

4 

1 

1 

ortlio- an<l para- 
mo ta- 

mettt* 

rnota* 

ortho- and para- 
ortho- and para- 
ortho- anil jiura- 
ortho- and para- 


The work of I.a,, worth. Ingold, an.l Itohinson has cleared up the 
theoretical basis of these rules by tho use of tho idea ol tlio 
siiifting of electrons through tho inlluenco of tho fust substituent. 

348 ^Monobromobenzene.— Bromobenzeno ih readily prepare 1 

from br“re and benzene, which are he.ate.1 with a ‘earner . un.Ier 
a reflux condenser, 

+ Br, = C,H -Br -f HBr. 
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Expt. 75 . — Preparation of Bromobenzene . — ^The apparatus 
shown in Fig. 61 is set up.^ The funnel should only just dip 
below the surface of the water. In the flask place 30 g. benzene, 
72 g. bromine (24 c.c.), and about 10 drops of pyridine, C 5 H 5 N, 

which acts as a carrier. 
Heat to 25*’— 30°, when 
hj’^drogen bromide is 




Fiu. {>I.--Proparation of 
Broinobenzono. 


freely evolved and passes 
into the beaker and is 
absorbed. When the 
action becomes less 
vigorous (1 hr.) heat to 
65° — 70° C. and continue 
to heat till very little 
HBr is evolved. Cool the 
contents of the flask and 
purify by shaking with 
an equal volume of sodium 
hydroxide solution. The 
lower layer, which should 
be colourless, is run off 
into a flask and left to 
stand over calcium 
chloride till it is no longer 
cloudy. It is then dis- 
tilled; the portion boiling 
between 140° C. and 
170° C. is collected and 
redistilled. The portion 
coming over between 150° 
and 160° C. is bromo- 
benzene. 

The Sandmoyer reaction 
(§ 309) may also be employed 
to make bromobenzene. 


Bromobenzene much re- 
flemblcs chlorobenzene. It is a colourless liquid boiling at 156-6° C. 
and of d. 1-5. 

349. Monoiodobenzene, Phenyl iodide, CcHjI, can be made by 
heating benzene and iodine with a carrier, e.g., ferric chloride; but 
i.s better made by the action of potassium iodide on benzene- 
diazonitnn chloride (§ 390), 

CaHsNgCl + KI = CfiHJ + KCl -!- N. 

‘ A thormonictf'r should be ad*led, its bulb dipping in tho liquid. 
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It is a colourless heavy Uquid boiling at 188-4“ C. It has d. 1-84 

is insolubl© in «. 

It is more reactive than chloro- or bromo-benzene. Thus sodium 

amalgam and alcohol reduce it to benzene:— 

CaHjI H- 2H = C^He + HI. 

It shows a tendency to form compounds in which the iodine atom 

" Thus"chlo^e''retIt^^^^^^^^ a solution of phenyl iodide in chloro- 
form giving a yeUow crystalline phenyl lododichlonde. CoHsIClj. 
Xlif invert *is into iodosobeazene, C.HJO. Tb.s compound 
„ phenyl iodide itself can be oxidised by Caro’s aod (H,SO, to 

iodLybInzene, C,HJOp an ““’’Di tri 

and poly“ forobeiienes can bo obtained by direct ddonnation o 
benzLc^ carried on for a sufficient period in presence of an energetic 
carrier lIoCl^). Tl.ey are stable substances. p.DichlorobcnzLne 

has been used as a soil fumigant and as a remedy azainst moths, 
M ood-ivorms etc. Similar bromine compounds are knonn and also 
compounds in which boll, chlorine and bromine are ^“bst.tuted^ 
H^-rnrhlorohenzene CsCle, and kejcabroinobenzenc, CcBr^, aro ol 
soiTn"irbdi;g baUdes of carbon. They are solids winch can 

be distilled without decomposition. 


BENZENESULPHONIC ACIDS. 

The Bulphonic acids of the paraffins cannot readily bo ma<le by 
the action of sulphuric acid on the hydrocarbons. Benzcnesulphomc 
acid U, however, very readUy prepared and of some importance for 

‘"^ 35 ^ ~Tsffi1h?4"lcid.-Benzenes ^id is made by 

heating benzene with concentrated sulphuric acid. 

CgHe + HO SOj OH ^ CeH^-SOa OH + H2O. 

The mixture is diluted with water and aeparated from unchanged 
benzene if any, and neutraUsed with barium carbonate. Barium 
benzencsulphoLte is soluble in water, while banuin sulphate is 
insoluble The filtered solution may be decomposed with the exact 
qurntityof sulphuric acid and again filtered. The clear solution is 
evapora^ted and crystals of benzenesulphonic acid sepamto. 

* Expt. ^Q.-rreparation of Potassxam Ba^cnesulphonnte.-^ 
Set ifp the apparatus shown m Iig. 20. 1 lace m the tlask 

%50 c c.). 50 c c of benzene and 50 c.c. of concentratcl sulphunc 
acid. Heat to boiling and shake at short intervals until almost 
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all the top layer of benzene has disappeared (6 hr. or more). 
Allow to cool. Dilute by pouring slowly and with good stirring 
into a litre of water in a large evaporating basin. Heat to 
boiling and add, a little at a time, with good stirring, powdered 
chalk (about 50 g.). When no further effervescence occurs filter 
hot by suction though a large filter paper. The resulting 
solution of calcium benzenesulphonate is boiled down to 
500 c.c. bulk, and concentrated potassium carbonate solution 
is added till the addition just ceases to produce any precipitate 
of calcium carbonate. To ascertain this, small specimens may 
have to be filtered and tested from time to time. The liquid is 
filtered from calcium carbonate by suction and concentrated 
until a sample crystallises on cooling. The separated crystals 
are sucked dry on a filter funnel and dried by pressing with 
absorbent paper. 

Benzenesulphonic acid forms small crystals soluble in water. It 
is a stable substance. It can be broken up into benzene and sul- 
phuric acid only by drastic treatment {e.g., heating to 150 — ISO® C. 
with concentrated hydrochloric acid under pressure): — 

CoH^SOa-OH + H^O = + H^SO^. 


In ptMieral it reacts as a fahly strong acid. It forms salts with the 
motnls. With phosjiborus pentnchloride it gives benzenesulphonyl 
cliloride, Benzenesulphonic acid (or its salts) can bo 

converted into a salt of phcuol by fusion with potassium hydroxide 
or other alkali: — 


CeH^-SO.-OK + 2KOH = CeH.-OK + KySOj. 

Tliis reaction i.s further discussed in § 354. 

Wlicn distilled with potassium cyanide it gives phenyl cyanide 

(bcnzunitrile): — 

Call^-SO.OK == GoHg-CN + K^SOa- 

+ 

CNK 

Benzenesulphonic acid then differs from the benzene halides in 
containing a group which is fairly readily replaceable. 

Nitric acid gives chiefly m-nitrobenzene.sulphonic acid (cf. 
: 347):— 

SO3H 
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m-Nitrobenzenesulphonyl chloride 


sop 




and p-toluenesulphonyl 

NO, 


chloride 


sop 


CH, 


are employed as a means of separating primary 


and secondary amines. Their derivatives with primary amines^ are 
soluble in B^um hydroxide solution, while their derivatives with 

Acids-These are produced by the 

action of hot fuming sulphuric acid on benzene ^ , 

Sen^ene-m-disulpLnic acid is the chief pro.luct obtained when 
benzene is treated ^vith fuming sulphuric acid. Wlien it is fu.ed w i^ 
caustic potash it gives m-dihydroxybcnzeiie or resorcino/ (, 3o7). 

S0,K OH 






+ 2K0H = 


SOaK 


/\ 




4- 2K2SO3. 

OH 


In general it behaves much as does the monosulphonio acid. 


PHENOLS. 

353 List and Nomenclature.-When one or more hydroxyl 
groups are substituted for the hydrogen atoms of the benzene ring, 

^^I'hey'^arTanriogous to the aliphatic alcohols, but differ wdely 

.onohydrio, aihy.lric tn.ydn. 
etc .according to tho number of hydroxyl groirps attached to the 

'^'^Ot'^tL^thcorcticaUy possible simple phenols which contain no 
substiwLt group oth« than hydroxyl, aU are knoivn, and include 


Memohydric Phenol. 

Phenol (carboUc acid), monobydroxybenzene 

C,H,OH 

1 Vid£ §§ 85, 384 for action of acid chloridos on ninuitw. 
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Dihydric Phenols. 

Pyrocatechol, ortAodihydroxybenzene, CflH 4 (OH )2 
catechol, 


Resorcinol, Tnetodihydroxybenzene, CeH 4 (OH )2 


Quinol, jjaradihyclroxybenzene, C 5 H 4 (OH )2 


Triliydric Phenols. 

Pyrogallol, 1:2: 3-trihydroxybenzene 


Hydroxyqumol, 1:2: 4-trihydrosybenzene 



OH 


Pbloroglucinol, 


1:3: 5-triliydroxybenzene 

HO 



Higher Phenols. — Three tctrahyilroxybenzenes (1 : 2 : 3 : 4; 
1 : 2 : 3 : 5; 1 : 2 : 4 : 5), one pentahydroxybenzcne and one hexa- 
liydroxybenzeno arc k^o^vn. They are not of importance. 

Numerous phenols containing other groups besides hydroxyl are 
known. Among the most important are the methylphenols or 
cresols, CHa-CcH^-OH (§§ 430 — 132), the nitro-phenols {§ 375), and 
salicylic acid, HO-C 6 H 4 CO-OH (§ 459). 

354. Phenol, Carbolic Acid, OH. — Phenol is a constituent 

of coal-tar. It is made from this product and also synthetically 
from potassium benzenesulphonato. 

Manufacture from Coal-tar. — The tar is distilled as described in 
§ 337; most of the phenol comes over in the ‘carbolic oil,’ distilling 
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between 210^^ and 240“ C. The oil contains hyilrocarbons (toluene, 
xylene, naphthalene, etc.) as well as phenol. The oils are agitated 
with dilute sodium hydroxide solution. Phenol forms sodium 
phenoxide (‘carbolate’) CeH,-ONa, which dissolves in the aqueous 
solution. Any cresol (methyl-phenol) also dissolves, forming sodium 
cresylate, CHg-CgHj-ONa. The solutions are draivn off from the 
residual oil. Phenol is a very weak acid and accordingly the solution 
of its salt so obtained can be decomposed by carbon dioxide under 

pressure: 


2CaH60Na + CO^ + H^O = 2CaH6-OH + Na^COs. 

The mixture of phenol and some cresol so obtained, being sparingly 
soluble in water, settles out as an oU which is then carefully distilled 

in a fractionating apparatus. 

The lower-boiling fractions contain mostly phenol, which crys- 
tallises out on cooUng, while the higher fractions coi^ist chiefly of 
cresols which are liquids and do not crystallise Comple^ separation 
is difficult owing to the nearness of the boihng points of phenol 

(l81-3“ C.) and of the cresols (188“— 200“ C.). 

A certain amount of phenol is manufactured from benzene by con- 
verting it into sodium or potassium benzenesulphonato and fusing 
this^th alkali as de.scribed bc-low. The process is not greatly used, 
except whore phenol is required to bo quite free from cresols. 

It is also prepared in the U.S. by tho Raschig process, wherein 
chlorobenzene is heated with an alkali to a high temperature It 
should bo noU'd, howover, that phenol cannot be made by tho action 
of alkalis on chloro- or bromo-benzeno under laboratory conditions. 

Prenaratian — (1) Benzene is converted into potassium benzene- 
sulnhonatc as described in Expt. 76 (§ 351) Tins is then fused with 
po^sium hydroxide and tho potassium suit of phenol bo obtained 
is then decomposed with hydrochloric acid: 

Cgllt-SOa-OK = CJIs-OK KjSOj + HgO 

4- 2HO K 


CeHe-OK + HCl = CaH^OH + KCl. 


Expt 77 Preparation of Phenol . — In a nickel basin place 

20 g. caustic potash and 3 c.c. of water. Melt by gentle heating 
and stir in 12 g. of potassium benzenesulphonato, using as 
stirrer a thermometer with its bulb protected, as shown in 
Fig. 62, by a glass tube. AUow tho temperature to rise to 

2400 250“ C., but do not let it exceed the latter figure. After 

an hour allow the moss to cool and dissolve it in a little water. 
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Acidify the liquid with cone. HCl and extract with three succes- 
sive small portions of ether. Dry the ethereal solution over 
anhydrous sodium sulphate, and distil oflF the ether on the 
water-bath. Let the water out of the condenser and distil 
over the phenol (175® — 185® C.) with the free flame. 

^ (2) Phenol may be prepared by heating an aqueous 

solution of a benzenediazonium salt (t;. § 399, 
Expt. 92, cf. Expt. 97): 

CgHs-N^Cl -f HO H = C^HjOH -f Nj + HO. 

The method is not of value for making phenol but is 
useful for preparing some other hydroxybenzene- 
compounds. 

Physical Properties . — Phenol forms colourless 
crystalline needles. Pure phenol is not deliquescent, 
but even traces of impurities cause it to liquefy 
in moist air. It has a characteristic odour and 
sweetish taste. It is poisonous (see below). It melts 
at 43® C. to a liquid which boils at 181*3® C. Phenol 
is slightly heavier than water {d. 1 '049/50® C.). 
Phenol on addition of water first forms a hytlrate 
melting at 17*2® C. It forms with water at ordinary 
temperatures two liquid layers, the upper one a 
solution of phenol in much water, the lower a solu- 
tion of water in much phenol. As the temperature 
is rni.sed the aqueous layer dissolves more phenol 
anil the phenolic layer more water. At 84® C. he 
comj)osition of the two layers becomes identical and 
a single solution i-^ formed; at and above this 
temperature, molten phenol and water are miscible 
in all proportions. Phenol is readily soluble in almost 
all organic solvents. 

P/iystoloijical Actio7i. — Phenol coagulates proteins 
and is therefore destructive to living tissues. If 
applied to the skin it causes a white scar to be formed 
and later producc.s a sore. It renders the skin numb 
i m. r> 2 .- i l'or* for some hours after application. Solutions of phenol 
toe t Of! by should therefore not be used as dressings in spite 
c:ius.s 'iubo. of tlieir antiseptic properties. It is an excellent 

disinfectant and antiseptic, being cheap, non-corro- 
sive and a powerful destroyer of bacteria. It has, however, been 
somewhat supplanted b3' the cresols (§ 430). 

When swallowed in doses of more than a few grams phenol causes 


I 
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cyclp licxanol 


death. Deaths have also been caused by absorption from woiiiui- 
'^ChlSical Properties.-Vhvno\ is a iiydroxyl compound of weakly 
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acidic character and its properties may be regarded as intermediate 
between those of an alcohol and those of an acid. 

Phenol dissolves in solutions of sodium or potassium hydroxides 
for min g phenoxides, e.g.y C0H5OK. It dissolves only slightly in 
ammonia and does not react x^ith sodium carbonate. It is a very 
weak acid and cannot be satisfactorily titrated with alkalis. 

The hydroxyl group of phenol is much less reactive than that of 
the alcohols. Phenol, however, forms both ethers and esters. Phenyl 
methyl ether or anisole is obtained by heating sodium phenoxide 
with a methyl halide (or sulphate): 

CsH^-O Na -h ICH3 = CeHs-O CHs + Nal. 

This method resembles Williamson’s synthetic method for making 
ethers. Phenyl ethyl ether or phenetole can be made in an analogous 
manner. 

The esters of phenol are difficult to form and are readily hj^dro- 
lysed. Phenyl acetate, CgHg-O-CO-CHa, can be made by heating 
phenol, acetic anhydride and sodium acetate (cf. § 86). Triphenyl 
])liosphato, ii.sod as a constituent of cellulose lacquers, etc., is dis- 
cussed in § 410 i. 

Phenol like other hydroxy-compounds, reacts with phosphorus 
pentaehloricle. Chlorobenzene is formed: 

CgHj-OH + PCI5 = CeH^a + POag -f Ha. 

1'he presence of the hydroxyl group renders the rest of the benzene 
ring in\ich more reactive. Phenol reacts very readily vith halogens, 
sulphuric acid aiul nitric acid and forms substitution products. 

Phenol is very readily attacked by the halogens, products with 
from one to five halogen atoms in the molecule being obtained. 

If broniine water is added to a solution of phenol a precipitate of 
s-tribromoplionol is rapidly obtained: 


OH 

OH 

C 

C 

/'V 

/\ 

IK' CH 

Br-C C-Br 

1 1 + 3Bra = 

1 1 + 3HBr 

lie CH 

HC CH 

X/" 

\y 

CH 

CBr 


'I'liis reaction can be used for estimating phenol. A standard 
solution of bromine* is prepared. To a known volume of it a 

' PM-ttcr n staiMlanl solution of potassium bromide and brornate (5 KBf + 
Kl^rO;^) to vvhicli is added, first tlie phenol, thou dilute sulphuric acid. Bromine 
lilnTaled (n KBr + KnrC .>3 + + 3 H 2 O + SBr^) and 

n*‘a«'ts with the phenol ♦ Tlie residual bromine is estimated os described on 
p. 301. 
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measured volume of phenol solution is added. To the resulting 
solution, after a quarter of an hour, potassium iodide is added in excess 
and the iodine liberated by the residual bromine is titrated ^v^th sodium 
thiosulphate. Alternatively the standard bromine solution can be added 
until a drop of the product liberates iodine from starch-iochde paper. 
Phenol reacts very readily indeed \rith nitric acid. Dilute nitric 

acid gives o- and p-nitrophenol: 

OH OH 



NOj 

while concentrated nitric acid, best in presence of sulphuric acid, 
converts it into picric acid, symmetrical trinitrophenol: 

OH 

OjNj^NO, 

NO, 

These reactions are further discussed under the nitrophenols 


Phl^TListant to oxidation, but powerful oxidising agents 
either convert it into simple aUphatic substances such as oxabc 
acid, or into more complex compounds contaimng more than one 

“nol't^nnot be reduced by any of the usual reducing agent^.. 
It is however, reduced on the commercial scale to cj/Wo-hoxanol 
which is used as a solvent for cleaning purposes under the name of 
hexaline. Phenol vapour together with hydrogen is led over heated 

nickel at 100°— 180" C. (§ 334). 

COH OHOH 


/V 

HC CH 

It I 

HC CH 
n 


H“ SH, — 


HoC 


CH, 


H,C CH, 

\/ 

CH» 


H 

Considerable quantities of phenol are used in the manufacture of 
saUcvlic acid (o-hydroxybenzoic acid) which is employed in making 
aspirin and other drugs and also in dye-manufacture. 
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C&rbon dioxide is passed over dry sodium phenoxide at 130 C. 
and forms sodium salicylate (v. § 459). 


C-ONa 

COH 

/V 

/V 

HC CH 

HC CCO'ONa 

II 1 + CO, = 

11 1 

HC CH 

HC CH 

X/* 

X/' 

c 

C 

H 

H 


Phenol readily forms condensation products with various substances. 
Some of these are important dyes. Phenolphthalein affords a good 
example of such a product (§ 490). 

Formaldehyde and phenol react when heated together in presence 
of a trace of alkali, forming the valuable s^mthetic resin known as 
Bakelitc. Tlio product is at first soluble in alcohol and readily 
fusible. In this state it may be moulded into any required shape; 
on baking, it becomes insoluble and infusible. Quantities approach- 
ing 15,000 tons yearly are used mainly for electrical fittings, artificial 
amber nml various ornamental materials. Its structure and exact 
chemical composition are not kno^vn. 

Other uses of phenol are in the Reimer-Tiemann reaction (§§451, 
459) and in the preparation of azo-dyes (§ 402). 

'Peats . — Phenol is detected by the violet colour it gives to ferric 
chloride solution, or, more satisfactorily, by the pale yellow precipi- 
tate of tribromophenol given when bromine is added to its solutions. 

Kspt. lA.— Reactions of Fhenol. — (1) Mix plic-nol cr>-e!tal3 with twice 
tlifir vulvuno of water, Xol© ftinnation of two liquid layers. Moat: note 
tluit roale^^co at liigher teinpcrntiirea luid separate out again on 

cooling. 

CJ; Di.s.'^olve phenol in cauHtic soda eolation. Acidify the solution of 
'indium plienoxido. rhonol seporates. Voss COo tlirouph a portion; the 
^.11 nr elToct IS produce<i, showing the weakness of phenol us an acid. 

To a .«^ohition of phenol add bronune solution. Tribromophenol is 
pi'ooipitatcd. 

(4) W'artn with <hlute nitric acid. Xoto yellow solution containing 
nitrophenols* etc. Mako Rohition alkaline. Dilute the yellow solution of 
the sodium soU of nitrophenol largely and acidify: note tho diminution in 
r«»lour duo to format of free nit ro* phenol. 

(i%) Di.sHulve phenol in cone, sulphuric acid and warm. Cool and dilute 
cautiously. Xo j)honoi separates out, owing to fonnation of plionol- 
sulphunto arid. 

(ii) To a solution of phenol a<lJ ferric chloride solution. Violet 
coloration. 

(7) Dissolve a single crystal of soiliuin nitiito in 3 c.c. cone, sulphuric 
H< \i\ by verj^ gentle warming. Add 0*2o g, phenol. The colour changes 
thmuL'li brown to blue. Tour into water: a cherr>*-rcd solution is obtained 
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which chancea to blue on addition of sodium hydroxide. The colour 
chonpea are duo to the formation of nitrosophenol (Liebemiann e nitroso- 

reaction). 

355 Phenol Ethers. — The compounds anisole, CgHj-O-CHg, and 
phenetole, O be regarded as esters of phenol actmg 

&a an acid, or ethers of phenol acting as an alcohol. They resemble 

the ethers perhaps more closely than the esters. 

Anisok, CcH^— O— CHg, may be prepared by passing a current of 
methyl chloride vapour over heated sodium phenonde: 

CgHsONa + CICH 3 = CaHjOCHa + NaQ 

or by heating phenol and methyl alcohol with potassium hydrogen 
sulphate: 

CeHs-OH + HO CHa = CaH^ O CH 3 HjO. 

The first method of preparation is analogous to WUliamson’e 
reaction (§§ 101 — 102 ), the second to the ordinary method of making 

a colourless Hquid which boils at 154" C. It can be 
nitmted to ortho- and para-nitroanisole and these can be reduced 
to anisidine, CHa-O-CaHa-NH,. wliich yields valuable azo-dyes. 

Oil of Aniseed i» almost all p-proponylanisole. aneihole, 

CHa-O-CaHa-CH =■ CHCHg. 

It can be made by trentmp p-allylonisolo, 

CHaO-CflH^CHa-CH = CH,. 

with alcoljolic metlmda analogoua to those employed 

PheneloU. pl.enoxido with ethyl iodide, 

for makmg e.r/. *; fj r resembles^ anisolo. It can bo nitrated, and 

It boili* at 17- C. an i * i.f»n«tidino CoU-l O CaH^ N 112. winch, when 

with d yic.|d» rod dyoo of groat brilliancy. 


DIHYDRIC 1>HEN0LS 
The three dihydric phenols are: 


OH 


o-Dihydroxybenzene, Pyrocatechol 
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OH 


m-Dihydroxybenzene, Resorcinol 

OH 

j)-Dihydroxybenzene, Quinol or Hydroquinone 

OH 

366. Pyrocatechol, C 6 H 4 (OH) 2 , is usually made from guaiacol, 
which occurs in beech-wood tar and is its methyl ether, by heating 
it with fuming hydriodic acid: 

0 CH 3 

+ HI = + CHsI 

OH 

It can also be made by preparing phenol-o-sulphonic acid and 
fusing this with potash — the yield is poor, however. 

It forms colourless cry’stals melting at 104’’ C. and boiling at 240® 
C. It is very soluble in water. It is not a substance of importance. 

OH 

(^No-CHa 

Ouaiocol, , ia obtained by fractionating beoch-wood tar and 

purifving tho product by forming the potassium salt, recrystallising this and 
decomposing it by acids. 

OH 

357. Resorcinol, , is of some importance in the manu- 

facture of dyes (cf. §§ 402, 491, Eipts. 93, 105). 

It is made symthetically” bj^ heating benzene with fuming sulphuric 
acid until the w-disulphonic acid is produced. This is then heated 
with caustic soda or potash to 270® C. for eight hours. 






+ 2H2SO, 


SOjOH 

4- 2 H 2 O 

k^SOj-OH 



QUINOL 
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SOjOK 

X\ 


+ 4KOH = 


V 


SO,OK 


OK 

A 


+ ^KjSOj + 2H,0 


OK 


The melt is dissolved in weter and acidified, Uberating resorcinol-. 

C,Hj(OK) 2 + 2Ha = C.H.lOHli + 2KC1. 

The resorcinol is extracted from the Uquid by means of ether. 

LsorcfrT forms white needle-like crystals wh.ch are odourless 
and hTeTsweetish taste. It melts at 118“ C. and beds at 276-5 C. 
It is exceedingly soluble in water. Resorcinol is poisonous m large 
?osea Rt^n'^.ntiseptic and has been used considerably m oint- 

in forming salts with alkaUs It 
ttesorcmoi trLbromoresorcinol w th bromine water. Its 

fh-:! ^^Zrelstnrrrti^ of the dyes fiuorescein and 

hy^xyrte^Is^lTeT; ^^nUinc, with 

l^nd ^<1; 

then reduced to hydroquinone by means of sulpbur d.ox.de, 

o 

NH, 




HC 


CH 


\h HC 

11 + 20 = .. 

HC CH HC CH 

\c/ 


II II + N” 


H 


O 


O 


OH 


HC CH 

II 11 + 2H 

HC CH 


HC 


/^v 

CH 


HC CH 

\c/ 


o 


OH 
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The name hydroquinone is derived from its formation from quinone 
by reduction. 

Hydroquinone forms colourless crystals wbich melt at 169 — 
170® C, to a liquid boiling at 285® C. It is soluble in water, though 
less so than the other dibydroxj'benzenes. 

It is distinguished from these by being a powerful reducing agent. 
Even mild oxidising agents convert it into quinone {§ 365): 


OH 

0 

1 

II 


/^\ 

HC CH 

HC CH 

II 1+0 

= II II +H 3 O 

HC CH 

HC CH 

\c>^ 

\c/ 

1 

il 

OH 

0 


Its use as a developer in photography depends on this property. 
Otiier phenols used for this purpose include pjTOgallol, C6H3(OH)3; 
luetol, rorlinal and amidol are aminophenols with the NHj and OH 
in the para- or 1 : 4 position. These aminophenols are, like hydro- 
rjiiinone, rearlily oxidisablo to quinone. 


TRIKYDRIC PHENOLS, CeH 3 (OH )3 
riiere are three trihvdroxvbenzenes: 


I’yrogallol, 1:2: Jl-trihvdroxvbenzcno 


H} druxyquin()l, I : 2 : l-trihydroxybenzetio 


riildi’Ojjhioindl, 1 ; : ‘i-trilndroxvhenzoni 


OH 

/^OH 

OH 

/\0H 


OH 
OH 

/X 


HO 




OH 


d5n. Pyrogallol, t f (( >11)^, is made by heating gallic acid 
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(trihydrosybenzoic acid, § 465) with water at 200-210° C- under 

pressure. c^h^(OH) 3 COOH = CsHaCOHij + COa- 

GaUio acid is obUined by hydrolysing tannin, which is a derivative 

ofthe former substance (§464). _ Tf 

PyrogaUol forms white crystals readily soluble m water. It “elts 
at 132° C. and boils at 210° C. with some decomposition. It has 
aciio properties Uke other phenols and forms salts ivith alkalis^ 
The solution of pyrogaUio acid in caustic soda or potash rapidly turns 
IroZ tZ, abs'^rblig oxygen and being converted into numerous 

products mostly of a complex character. A little carbon mo^xide 

Solved which has to be aUowed for where the solution is used in gas 
analysis’. One gram of pyrogaUol in alkaline solution will absorb 

^'^P^ogallol irl°8’wfng reducing agent and can be used m a photo- 
grapWo developer. The brown colour it imparts to ‘tjo 
^aL. etc.. haT led to its being superseded by qumol and the 

aminophenols. 

OH 


300. Hydroxyquinol, C 4 H 3 ( 0 H) 3 . 


, is not of iinportanco. It 


OH 


rcscMubks hydroquinone in ite strong rodocing powers. 

OH 


361. Phloroglucinol, C3H3(0H)3, 


HO 



, is of some import- 


OH 


ance to the biologist. It occurs as glucosides in many plants. It ci n 
be made by fusing resorcinol ivith caustic soda: 

ONa 


HC CH 


HC CH 

NaOH + |.ojja'~ ^ NaO C C ONa 

Vc/ 

H I^ 

Sodium salt of 

^“phlorogl^cfnol at 217-219° C. and sublimes. It is reiHlily 

eolublo in water and other solvents. 
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It findi) a use in botany, etc., in detecting woody substances. If 
a pine-shaving or other wood is moistened with hydrochloric acid 
it gives a violet-red colour with phloroglucinol. The latter can 
therefore be used to detect lignified cells in micro-sections of plant 
tissues. 

Phloroglucinol is remarkable in behaving as a ketone in many of 
its reactions. It is supposed to be tautomeric, and to exist in the two 
forms: 


OH 


0 

C 


c 

/V 


/\ 

HC CH 


HjC CH 

II 1 


1 1 

HO-C UOH 


OC CO 



\/ 

c 

H 


CH, 


1:3: 5-Trihydroxybenzene. Triketohexamethylene. 

Thus it gives a tri-oxime: 

C=NOH 

/\ 

S2O 

I I 

HON=C C*NOH 

\/ 

CH, 

POLYHYDRIC PHENOLS 

362. Phenols with More than Three Hydroxyl Groups. — The tetra. 

Riul penta-hydroxybenzenes are not of practical iraportonce. 

lUxahydroxybenzene, Co(OH)e, is of interest since its potassium salt was 
obtained as a highly explosive compound in tlio now obsolete manufacture of 
potassiiun by heating potassium carbonate with carbon; and waa a source of 
danger. It was apparently produced by the action of carbon monoxide on the 
strongly heated potassium. 

OK 

c 

KOC C'OK 

II I 

KO-C C-OK 

\/ 

c 

OK 


GK + GCO = 
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QUINONES 

363. The Quinones. — Quinones contain the structure 


O 


0 


C C- 


c c=o 


or 


C C- 


c c- 

\c/^ 


o 


Naphthaquinone and anthraquinone are important substances, but 
only the benzoquinones wiU be considered here. 

Two benzoquinones exist, namely, ortho- 
p-Benzoquinoneisamuch more stable andimporUnt substance 

o-benzoquinono: m-quinoucs carmot exist. 


O 


O 


HC C = O 


HC CH 


HC CH 
H 

o-B©nzoquu)ono. 


HC CH 

\c/ 


o 

p.lionzocjuiuon© 


• v»oa fhfi formula, flbown ttbov©, is 

.^br^rS^Scirne on the lead aalt of py^ocatochC: 





O 


/N=o 


o/ 


Pb 


V/ 

Loud ©alt. 


\/=o 

0-Bciizoijuinono. 


+ pbi, 
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365. p-Benzoqainone» 

O 




p-Benzoquinono is commonly known simply as ‘quinone.’ It can be 
made by oxidising numerous phenols and amines, but is commonly 
prepared by oxidising aiiiline with chromic acid, or electrolytically: 



0 

NH, 

• 

II 



HC CH 

HC CH 

1 11+20 

= 1 II + NH 3 

HC CH 

HC CH 



H 

II 


0 


On the laboratory scale, 250 c.o. of water may be mixed -with 45 c.c. 
(»f concentrated sulphuric acid and 10 c.c. of aniline added. The 
solution is well cooled and a concentrated solution of sodium dichro- 
inate slowly added. The resulting solution is shaken with ether, 
whirh extracts the quinone. On evaporation of the ether, yellow 
crystals of p-ben/oquinone separate. 

It is also readily prepared by oxidising hydroquinone. 


OH 

0 

1 

II 



HC CH 

HC CH 

1 II + 0 = 

II II + ha 

HC CH 

HC CH 

\c/ 

\c/ 


OH O 

On the cnmmcrcial scale, benzene itself has been oxidised electro- 
lytii ally to quinone. 
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Properties. — 7 )-Benznquinone forms yellow prismatic crystals, 
which melt at 115-7" C. It b sparingly soluble in cold water. 

When heated, it decomposes and forms hydroqumone and 
quinhydrone {q.v., below). Benzoquinone is readily reduced to 
hydroquinone, and is therefore an osidbmg agent: 

O OH 


HC CH 


yS 

HC CH 


+ 2H = 


HC CH 


HC CH 


o 


OH 


Benzoquinone forms oximes, a fact which is evidence of its con- 

‘“SoV^nore, noted, has not the alternating single and 

donblo Unkages which are found in the benzene formula. It .s 
probably in consequence of this that it .shows olc6nio prope , 
Ldily taking up either two or four atom.s of bromine. Ihe con- 
nTetion of ihe quinonoid structure with colour is discussed in 

§§ 401, 4S4. 

366. wiif "S' r;s!;r'‘u«;;y 

oSlliHcd to qu'inono a.i.i rotluced to hydrufiuinono. It find.s a uso in tl.o de ter- 
mination of oxidation potontiula. 

367. Tetracliloroqumone, Chloranii, 

(> 


Cl-C cci 


CIC 


J.a 


\ / 


o 

l« hv tl.o action of potasHium cl.Iorato on.l hydroi-hloric acid on iimi.y 
or^^l^fc comi.ounda. It form« yellow cryetaU and actn aa an uMdi-iiny ag.-nt . 

QUKSTIONS 

(1) How many chlorobcnzoncfl are thnoroticully postsibloT Write tluir 

prVp^ 

ethyl bromide in itu reactionu? 
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(3) ^^^en a mono-substitution product of benzene is converted into a dl- 
substitution product, what factors influence the position in the ring assumed 
by the two groups? \\nmt compounds are formed when (a) toluene^ 

(6) nitrobenzene^ (c) cblorobenzene* (d) benzoic acid» CqH^^CO’OH, are con* 
verted into their nitro -derivatives? 

(4) How woiiJd you prepare potassium benzenesulphonate! Into what 
products could you convert it, and how? 

(5) In what respects do the phenols resemble the alcohols? 

(6) Describe the commercial preparation of phenol from coal-tar. How can 
it be made from benzene? 

(7) How does phenol react with sulphuric acid, nitric acid, sodium hydro- 
xide, bromine, phosphonis pentachloride? 

(8) Which of the higher phenols are strong reducing agents? Wliat is 
common to their molecular structure? 




CHAPTER XXIII 

nitrobenzenes and nitrophenols 

NITROBENZENES 


The nitrobenzenes are roadUy prepared an.l “ “^L'ene 

venient souree of other 

and Hhd“r nitrob. nzenes eoutaining lour or 

"nr're ntr^ groups have not been prepared, though tetranitroanU.ne, 

"'^^NdiiS;::Mononitxo«^C,H^ 
‘:“rrrors;':;hti7a:r LT'oTtric^^cid on th; hydrocarbon: 

CoHe + HNO 3 = C^H.-NOa + H,0. 

The function of the sulphuric ad^and de'ertse 'th!- 

water which -on. d other wjs. preparation is 

speed of the %t,r a simiiar process is employed, 

given below; on ^ho 1 g ,r„j for ad. quate 

TohoTof the ®mixtl by coils of h.ad pipe through winch water 

circular. of ^ji,robc,izcne.—ln a 250 e.c^ llasdr 

1 ^kO c c of ordinary concentrated nitric acid (sp. gr. ) 
place SO -j-.onc^t.Fated sulphuric acid, stirring well. Set 

and add 1^0 c. . Van Place HO c.o. of ben/-cne in a 500 

the flask to '"r, ;! 2 c c at a time, shak ing acU 

c.c. flask. ® the temperatun- of the mixture 

between eac addition so as to i nsure that the 

reaches oo C. tool it fiaMre. U the Uunpi-raturc 

^ .1 Inwer laver whii'li is the spent 

.eparatlng funnel and run off the 1^^^^^^ i" -Parating 

r‘^‘el wRli water Uien with dilute sodium carbonate solution 
funnel with viater tn nitrobenzene is 

and will be the layer. Run 
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off the nitrobenzene into a small flask containing a few lumps of 
calcium chloride and shako gently. When tho liquid is no longer 
at all cloudy' pour it off into a distilhng flask and distil with an 
air condenser as in Fig. 30. Collect the fraction distilling be- 
tween 204® C. and 207® C. Any residue is dinitrobonzene 
(Yield ca. 60 g.). 


REDUCTION OF NITROBENZENE 



NH 


' N 


\ 

Uli OH 


V 


y H H \ 


\ / 


* 1? 


C'H 



P • A.i.Ui n.?:u !hyJ;a\> !.;;:nnc 




\ 



NH, 


Nitrobenzme can also be made by iho action of nitrous acid on 
iM-nzcjicliazouiuin chloride ( § 3!H)) aiul by oxidation of aniline. 
Tlic met IhhIs arc not of practical value. 

r/ii/.siral — Nitrobenzene is a yellow liquid with a strong 

o(l«,.ur of oil of bitter almonds. It freeze.s at o S'C. and boils at 20S®c'! 
It i.-i hea\ ier than wafer (d - : ] -204), Nitrobenzene is poisonous, but 
IS lrc(iiieiitiy cmj.loycd tbr perfuming eheup soaps, etc. Its chief use, 
ho\ve\ er, is in tlie manufac ture of aniline. 
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Chemical Properties.— ^itrohanzeuG burns readily, but. uoUke 
Bome of the nitro-compounds containing three nitro-groups m the 

benzene ring, is not explosive. «• i. i u„ tka 

It is a comparatively stable substance, not being affected b> the 

action of acids, alkalis, or oxidising agents. 

Nitric acid in presence of sulphuric acid converts it mto m- 
dinitrobenzene: 

C^H.-NOa + HNOa = C.H^lNOa)* + H,0 

^^ 'm^rnok ^impoVtant feature of nitrobenzene is the action of 
reducing agents upon it. A variety of compounds can bo produced, 

their nature depending upon the reducing agent employed. 

The action of reducing agents in acid suhition zinc or tin and 
hydrochloric acid, stannous chloride in presence of hjdiochloric 
acid) is to convert it into aniline. AU uitro-compounds can be 

reduced to amines in this way: 

C.Hj-NOj + 6H = CeHs-NHa + 

The practical detaUs are given under aniUno (Expt. 85, § 381). 

With alkaline reducing agents, (e.,.. zinc dust 
azoxybenzene, azobenzeno and l.ydrazobenzene (§§ 401., 408, 407) 

are successively produced. 

CH 

2C H NO ,_N=N-CeH, 

Azoberw-f'iio. 



Cell e— Nil— N II -Cell e 

llydrazi'lM'nz'tiK*. 

Iloduction in nevlral solution gives pbcnyUiydroxylaminc 
r TI -NH-OH. while electrolytic reduction (carried out as de.sciibed 
in" §^229) can give p-aminophenol. HO-Cellj NHz. m presence of 
Bulpburio acid, and other products in acid or alkahno alcoholic 

omplex behaviour of nitrobenzene is summed up in the table 
on p. 374. The reactions of chief importance are the formation ol 
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a nil i n e and to a lesser extent of bydrazobenzene, which is com- 
mercially converted into benzidine which is of great value in the dye 
industry. 

V 

Nitrobenzene is employed as an oxidising agent in the manu- 
facture of fuchsine {§ 487) and in Skraup’s sjuthosis of quinoline 
derivatives (§ 569). 

Expt. 80 . — lieactioTvs of Nitrobenzene.~(l) Note odour and insolubility 
in water, 

(2) S\anu a drop with stannous chlorido dissolved in concentrated 
HCl, Note dis^nppoa ranee of droplet:^ of nitrobenzene and formation of 
crystals of tlio double compouriii of aniline hvdrochlonde and tin chloride. 
Cool: add excels cone. NaOII. Add the solution containing free aniUno to 
bjeachiiju^ powder solution. \ iolct coloration confirms the presence of 
aniline, 1 lie oarby lamina test (§ 382) con abo be employed to detoct the 
anibno. 

(3) \\ arm a drop with caustic soda solution and add zinc dust gradually, 
anrl bdil. Note yellow colour duo to azoxybenzene an<l azobenzene. This 
di^iappears on further addition of ziuc dust, owing to reduction to colour* 
less hydrnzobon/.one. 


369. Dinitrobenzeues. — The action of nitric acid on nitrobenzene 

) icldd ahnost exclusively /;?-dinjtrobenzene> in agreement with 

Hanimick s rule (§ 347). The ortho- and para •derivatives are made 
indirectly. 

3/0. m-Dinitrobenzene, C^HjlXCola- — w-Dinitrobenzeue is readily 
prepared by nitrating benzene with boiling fuming nitric acid, or, 
iH-lter, by nitrating nitrobenzene: 


CeH.-NO^ + HNO 3 = Cali*(X 02)3 + HgO. 

h.rjA. SI. — I*r(paration of vn-dinitrobenzene.. — Place 40 g. 
{•i7 c.c.) of fuming nitric acid* (sp. gr. l-o) in a 5IX) c.c. liask and 
gradually add 40 g. (22 c.c.) of concentrated sulphuric acid. To 
the rnisturo add 3.7 g. (30 o.c.) nitrohonzeno 6 c.c. at a time. 
Shnlu* ^vell between each addition. Heat for twenty minutes 
oil Uie wiiter-liath and pour a few dropis of the liquid into cold 
uater. If it solidifies to a hard (not pasty) vcUow solid, the 
reaction is complete. If not. the healing should be continued. 
Vvuv the hot contents into .7(X> c.c. of cold water, stirring well 
nieanwluie. iMlter ulT the solid at the pump, wash it welh The 
inoi.st clinitrobcnzene may be dried in an air-oven at oO-CO" C. 
or may be reerystallLscd. 

Jii'crp^ifalhsufloyi . — Place the dinitrobenzene, dried as far as 
po.s.sjble by pressing on absorbent paper, in a beaker wdth five 
tunes its weight (r«. 2.70 c.c.) of alcohol. Heat on the water- 

> r,^Ulon,h\. U nc<....s..o' in luui.il.n- fuming nitric aciU.o.ving to it. 

V orj pow crfiil urid rupid corr«.-,M, action on tho Bkin. ^ 
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bath, stirring weU, till aU has dissolved, adding more alcohol if 
needed. Cool thoroughly. The dmitrobciizcne .separates as 
colourless needles which are filtered otf at the pump, washed 
with a little alcohol and dried by pressing on a porous plate or 

absorbent paper. , -ri. u 

m-Dinitrobenzene forms colourless needle-like crystals. It melts 

at 90 ° C. and boils at 297* C. 

Its chemical properties resemble those of nitrobenzene. Mild 
reduction such as the action of ammonium suliihide. easily converts 
it into 7 n-nitroaniline, but the second nitro-group is only reduced 
with difficulty. Energetic reduction with tin and hydrochloric 
acid will, however, form w-diaminobenzene. usually called meta- 
phenylenediamine. 


NO a 



NO, 

r/i-Nitroaniliuo. 



KHj 


m«riu'nylonf‘cJiariiine. 


1171 o-DinitrObenzene. — o.IJi*iitrobon/.ori« is from o-nitronriilino 

li 38m’ It f.jrii.rt culoiirl.ws at IIT" C. coiu-ral pmportu-^ ara 

S liUo tholo of ,a..ii..itfobc.n/.ono. It .Jihera. l.ouav.-r, .n that ono rutro- 
group ia e<.sily n-p1ao.d by -KH,. or -OH on troatna ut uUb un.num.a or 

‘■“'070 ** 7 ). Dinitrobenzene. — ».Dinilrobon 7 ,cn<* is mado from /)-nitroanilino 
(5 SI: 17- C. It. prup. rt.c, r<.,,..n.l.lo 

II10..0 of »a-djnitrobvii/.c*ri.> m moKt • , 

37;i ^.Trinitrobenzene.t— Syuicuotricalor I : 3:.T-tiuiitO'bon/.cno 
by tbo prolonged aetioii of fuming nitric and fuming .-iulpbunc acid on dmitro- 

C'oH^lNOgJ.^ + = CflHa(N*^ii)j * 11^0. 

It i« a wbito aub^tunce molting at 122« C. It givcH a <loop yellow colour with 
In<air. an^so perbaj.s h.^. «omo u-idic properties (of tho mtrophcnol. below ). 
It baa been . Jd aa an indicator in t.tratmg very weak aeida. 

374. Nitro-compounds containing other Groupings.— Most benzene 
Bub.sti'tution products arc more easily nitrated than benzene itsel . 
and so give rise to numerous nitro-cornpounds. Of these the im- 
portant nitrophenoU will be considered hero: the mtroamlmcs and 
nitrotoluencs in §§ 386 and 435 respectively. 

375. Preparation of the Nitrophenols.— Phenol m acted on by 
nitric acid with peculiar case, yielding o- and /i-nitrophcnol. m- 
Nitrophcnol is obtained from m-nitroaniline (§§ 386, 399). 

l The urr.fix indicates that tbo Huhstitia-nt groups in n compound arn 
aymnl'r&lv diatribub-d. Thus, aa ab.iva. 1:3: T, trm.tn.^ozono la d.atm- 
gumloxl from the 1:2:3- and 1:2:4- oomiKiunda by this pn fix. 
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O’ and p-Nitrophenol are both obtained by the action of cold 
dilute nitric acid on phenol. They are separated by taking advantage 
of the fact that the ortho-compound is volatile enough to be distilled 
in steam, while the para-compound remains behind. 

The nitration may also be conveniently accomplished by means of 
a mixture of sodium nitrate and sulphuric acid. 


OH 

/\ 

lie CH 

II I + HNO3 = 

HC CH 

\c/ 

H 



+ HoO 


Kr/if. 82 . — Preparation of o- and y-Nitrophenol . — Dissolve 
g. of sodium nitrate in 150 c.c. of warm water. Cool and 
ndd 75 g. (42 c.c.) <»f concentrated sulphuric acid, stirring well. 
Cool the mixture tn 25* C. and place it in a 500 c.c. beaker, 
preferably fitted with a mechanical stirrer as ui Fig. 36, and 
standing in a trough containing cold water. Melt 37*5 g. of 
plienol with 5 c.c. of alcoliol and transfer it to a warmed 
<lropping fuimcl. Allow the melted phenol to drop into the 
well-stirred acid at such a rate that the temperature does not 
rise above 25-28* C. Leave the mixture, preferably with 
continuous mechanical stirring for about 2 hr. The mixture 
is then poured into 4 litre of water contained in a litre-flask. 
The aqueous layer is poiued off and the dark oily liquid shaken 
with more water, which is again poured off. The oil is covered 
with 250 c.c. of water an<l a steam distillation apparatus is set 
up (r. § 3Sl). A ste.ani-cnn is fitted with a safety tube and 
wiilo rh-iivery tube. 'Ibis is connected to the fia.sk containing 
the mixed o- and 7 )-nitrophcuols by a wide delivery tube (5 mm. 
internal diameter) so bent as to force the steam to the bottom 
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of the flask. (Fig. 53, p. 380.) The flask is inclined in orier to 
prevent splashing into tke condenser and gently heated to 
prevent tL much condensation. The issuing steam is led to 
rcondenser and receiver. The water in the condenser should 
be allowed to become warm in order to prevent blockage y 

"’^DUtilUt^on is continued as long as any mtrophenol comes 
over The distUlate is then cooled and filtered at the pump an 
the crystals of pure o-nitrophenol are washed and dried 

^^The wlS^^residue in the fiask contains p-nitrophenol mixed 
with Lme tarry matter. It is repeatedly boiled .nth numerous 
mriioTof water (200 c.c. each). The mtrophenol dissolves. 
Lvin- most of the tarry matter behind. Ihe extract is some- 
wbrt dark in colour and is boiled with ammal charcoal in a 
larce basin for half an hour and then filtered through a large 
filter previously moistened. The filtrate is made alkahnc with 
" ^ ^ then concentrated to 75 c.c. and if necessary again 

XTed though a moist filter paper. The solution is well cooled 
nnd the crystals of the sodium salt of p-mtroplienol are filtcrc 
off redissolveil in hot water and acidified witli concentrated 
hydrochloric acid. p-Nitrophe.iol crystallr^es out. It may be 

nitrophenols have so many 
prSertS in common that they arc boat diacuase.i together. Them 

* - if yrt f.Kft t.A.V)le liolow 


o-NitropW^nol 

m-Nitroplieiiol 

p.Nitro|>lu*7iol 


Appouranco. 

M.r. 

Pnlo yoH<iw iuthIU-b 
TJ iioli yellow rrvHOil^ 
ColoJirle.tH 

— 

‘Mi' c:. 

114 C. 


\\A\ aiitl volatility. 


214*^ C. “I volat 
di‘0. / 


Ivc, 


latilo in 
am. 

not volatil^^ 
in htt^ain. 


eZZ ; -The nitrophenols react both as mtro. 

compounds and L phenols. Thus they are easily reduced to ammo- 

phenols ^ CH = HO C.H. NH. + 2H..0 

The latter are much used in the dye-industry and their preparation 

is the chief industrial use of the nitrophenols. I ho preseneo ot the 
,s the on e character of the -OH group and 

rrey aToXieh' stronger acids than phenol. Thus, unlike the latter, 

they decompose carbonutos. 
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A most interesting fact is that the nitrophenols, though but 
faintly coloured, give two series of salts with alkalis— one yellow, 
the other red. The ortho-compounds form two series of ethers (or 
esters), NOj-CgHj-OR (where R is an alkyl radical), one of which, 
made by the usual methods, is colourless, while the other, made by 
the action of the silver salt of the phenol on an alkyl halide, is red 


and very unstable. 

It is supposed that the free nitrophenols have the ordinary 

,OH 

formula C 8 H 4 (^ , and that their colourless esters have the 

\no, 

/OR 

formula C 6 Tl 4 <f . Tlie red esters, on the other hand, are believed 

•NO„ 


to have a quinonoid formula (§§3G3, 401). 


If 

HC 

HC c„ 

'‘0 

H 

It is oiilv in the solid state that the two series of salts, reil and 

% 

yellow, are knoum. .arid it is probable that the dilTcreuco between 
them is one of crystal structure only. In solution the salts of the 
nitro])h<‘m>ls are yellow and the formation of a bright yellow salt 
from a cuhturk'ss acid makes it possible to use p-nitrophenol as an 
indicator. Tin- colour change takes place at a p\l value of 5*0 to 7 0; 
it is tluTcfore iui indicator of a t\'iio intermediate between methyl- 
oraiiffc and litmus. 

376. DinitrOphenOlS, Cein3(X02)2{')H. — Those aro prepared by carefully 

nitration of phenol, 'iiioy aro not of iuiporttinco. 

377. Picric Acid, Trinitropbenol, C 6 H 3 (N 02 ) 30 H. — Picric acid is 
of importance as an explosive, a dye, and also in analytical work. 
It is obtainctl when a great variety of subsUtnccs, many proteins, 
intiigo, resins, etc., art* treated with concentrated nitric acid. It 
is iu>w alwuy.s maile from phenol. The action of nitric acid on 
phenol is rather violent, and it is usual to convert it into phenol- 
sulpbonic acitl first by treating it with concentrated sulphuric acid. 
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OH 


OH 


C 

HC CH 


C 

/X 

HC CSOa-OH 


+ H^SO* = 


+ H,0 


HC CH 

\/ 

CH 

OH 


HC CH 

\/ 

CH 

OH 


HC C-SOjOH 
I II + 3HNO3 
HC CH 

Vq/ 

H 


c 

/ \ 

0,NC CNO 2 

. “ 1 II + 2H2O 

HC CH -h HaSO* 

VcX 

NO, 


sSiuSrj's 

Icid is separated by decomposing it with diiuto siiiphuric ncu . 

The laboratory preparation is similar. 

83 -PreparalUm of Picric Acid.-iO G. of phenoi and 
20 g of i.ulphuric acid (cone.) are heated togetlier in » Poroela.n 
t fill a droD irives no turbidity when mixed with a little 

ttu-r The rc.sulting solution of phenolsulphomc acid 
\vith 20 c c of water '.nd tran-sferred to a Uip iunnel. 00 c.c. of 
Tnc nitn^ acid are placed in a 700 c.c. flask and the phenol- 
BuWmnio acid is «lowly added with continuous shaking or 
etir^ring. 'I’he operation should bo pcrfornuHl m the fume 
cupboard, as much nitrogen peroxide is evolvet . 0 c.c of 

fuming nitric acid are then juldcd and the flask is heated on the 
waterJbath for 2 hr. On cooling, picric acid separates. loO .c. 
of cold waU-r are addwl and the crystals are filtered off. Ihey 
fre rccrvstalli8c<l by heating them with twenty-hve times their 
weight of water (say 750 e.c.). containing a few drops of 
sulphuric acid, and aUowing the solution to cool. 
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Picric acid crystallises from water, or solvents containing water, in 
yellow leaflets. 

Pure dry picric acid, prepared by drying the ordinary product or 
crystallising it from petroleum ether, is colourless, as also is its 
solution in dry petroleum ether, ordinary ether, etc. The colour of 
the ordinary acid is probably due to ionisation induced by traces of 
water: 

CeH,(N 0 ,) 30 H ^ C,H,{NO.) 30 - + H+. 

Picric acid dissolves in water to a strongly yellow solution which 
dyes the skin, sUk, wool and animal material in general, a beautiful 
clear light yellow. The colour soon alters to a more orange shade. 
Picric acid is not much used as a dye by itself, but is used as an 
ingredient in mixed dyes. Solutions of picric acid have an intensely 
bitter taste. The name picric acid is derived from the Greek Tr/vpo? 
piLros, bitter. It is decidedly poisonous, acting in a manner similar 
to phenol, and like the latter is a good antiseptic. It has been used 
in surgery for sterilising the skin previous to operations, and till 
recenllj’ it has been considerably employed in the treatment of 
superficial burns. It relieves the pain of these by paralysing the 
norvo-ondinga, and al-o preserve.^ the burnt partvS from bacterial 
infection. It has, however, been largely superseded by tannic acid 
(§40,4). 

Picric acid melts at 122*5® C. It sublimes when gently heated, 
and decomposes below its boiling-point, sometimes with explosion. 
It is sparingly soluble in cold water (1 : 80 at 15® C.), but somewhat 
more soluble in hot water (1 : 26 at 79® C.). 

Chemical Properties . — When lieated, picric acid usually decom- 
poses without explosion, which may, however, occur when it is 
heated rapidly, ^\^lcn struck with a hammer it can occasionally 
be detonated. It bums, when ignited, with a bright, smoky 
llame. 

When subjected to the shock of a detonator of mercury fulminate 
(§ 149) or lead azide, it explodes with great violence. It has been 
much used as an explosive (lyddite, melinite) but has the dis- 
advantage of forming salts, which are dangerously sensitive ex- 
plosives. It has been largely replaced by the safer trinitro- 
toluene. 

Picric acid is a much stronger acid than phenol, and forms well- 
defined salt.s with the metals. Sodium picrate is occasionally used as 
a reagent for testing for potassium, the nearly insoluble potassium 
picrate being precipitated in minute yellow crystals when solutions 
of sodium picrate and a potassium salt are mixed. Both the above 
- ill- exjilode rather feebly at about 310° C. The picrates of the 
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heavy metals (e.g., copper, lead, manganese) explode with great 
violl^ce when heated. Lead picrate is sensitive to shock or friction 
aa weU as to heat. Picric acid should therefore be kept a^^ay from 

lead compounds, vessels of lead, etc. , i n w -O-r H 

Picric acid forms esters such as ethyl picrate, (LOjlsCeHj O CjUs. 

which forms almost colourless needles. 

Pimc acid, like other nitro-compounds, can be reduced. Mdd 

reducing agents reduce only one nitro-group, but stronger ones 
reduce two or three. 


Ferrous Salts or 


CeH,(NO,),OH 
Picric acid. 


Alcoholic (NH 4 ) 2 S 
Aqueous (NH4)2^ 


Sn d 2HC1 


CeHalNHaKNOala-OH 

DinitroftmlnophPiiol. 

C,H,(NH,),NO,'OH 

Dit>ininonitroph«>nol. 
Trianiinophoriol. 


Picric acid has a remarkable power of fori^g addition com- 

1 mnnv aromatic hydrocarbons and phenols when the 

S'" and 'the other component are mLxed, usually in alcoh^Uc 

ntiL Thus when concentrated solutions of anthracene, C,*H,o. 
solution. Ihus^n nibycoloured crystals of anthracene 

""'"'^ate'^seDarate The compound is not a true picrate. for it is a 
picrate separa ^ I Benzene, naphthalene, phenol. 

rX> et“r au1o™ ■piorateu’ of this t,T«, usually as yebow 

" pXhorus pentachloride reacts aitb trinitrophcnol in the same 
manner‘s as with phenol, substituting chlorine for hydroxyl. 


NO 


a 
/X 


NO, 


U, however, quite unlike 


NO, 


product picryl chloride, 

Cl 

phenyl chloride, 

\y 

The throe negative -NO, groups ovi<lcntly make the attachment 
oUL chlorine itom much less hrm and the picryl chloride is highly 

ronrtive resembling an acid cblondc (§ 8o) III its bohaviour. 

The action of bleaching powder on picric acid breaks up ’'“JS 
and forms the interesting compound 

nitromethane, CX:i, NO,. It is a Uqu.d boding at 112 C- 
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been used in chemical warfare, its vapour being intensely lachry- 
matory, and in high concentrations lethal. 

Picric acid is detected by the formation of the insoluble potassium 
salt. A much more sensitive test is the formation of wo-purpuric acid. 
To a hot solution of the substance add a few drops of potassium 
cyanide solution. A deep brown-red colour indicates picric acid. 
The colour is due to iso-purpuric acid, formerly used as a dye-stuff. 

Kxpt. 84 . — neaciions of Picric Acid. — (1) Dissolve a little in petroleum 
other: simke the nearly colourlosa solution with water: note strongly 
yellow solution in water. 

(2) Dissolve in wateri warm with a piece of siUc: wash the sUk and note 
that it is dyed. 

(3) Dissolve some picric acid in sodium hydroxide eolution. Add 
potassium chloride eolution and note slow precipitation of yellow 
czystalliue potassium picrato. 

(4) Mix a stjiall portion g.) with an equal amount of red lead and heat 
on an iron plate, standing well back. The mixture explodes with a deafen- 
ing report. 

(r») Add a solution of potassium cyanide to some picric acid. Note the 
purple colour produciMl. 

378. Tetra- and Penta-nitrophenols. — xitrophenois with four or ave 

nitro^groups in tho molecule are known^ but are not of importance. 


QUESTIONS 

(1) How would you prepare (a) nitrobenzene, (6) dmitrobenzenoT Would the 
hiltor i)e the o-, or p-rfinitrohccizenoT 

(2) W'luit products onn bo mnde by the action of reducing agents on nitro* 
benzene under \’arious conditions? Why do we regard nitrobenzeno os such, 
uiei not ns plH»ny I nitrite? 

(3) How are o- oiul p nitrophenol ma<le? WJiat is peculiar about their salts 
an<l outers? 

(4) Hiuv is picric arid prepared? effect have reducing agents upon it? 



CHAPTER XX1\ 

axtline and its derivatives 

amines differ from the aliphatic amines m the 

far weaker bases than aliphatic amines 
I 2 I The action of nitrous acid on aromatic aminos gives th 
important salts, while from aliphatic aminos nitrogen. 

alcohols and water are formed. 


Afcmoamtwc^ — 


THE AROMATIC AMINES 
PuiMAKY Amines 

NH, 




Aniline. 


Substiluled Mononmines 

NHj 




NH, 




X 


I>1 


•tho- 


Diamincs — 




NIU 


V/ 

X 

pure- 

NH, 


NH 


r«-l*lionyleno»diuinino 

385 


\y 

NH, 

p-lMi'.'nylono-iliumine 


o^Phonylono-fiiamino. 



386 


ANILINE AND ITS DERIVATIVES 


Secondary Amines 
Aromatic and Aliphatic — 

I^\nh*ch3 

\/ 

Aromatic — Methylftniline. 



Diphonylomine. 

Tertiary Amines 
Aro7natic and Aliphatic — 



DimethyJnnilino. 


Aromatic — 



Triplionylftniinp. 


380. Aniline, Aminobenzcne, CsHjNHj. — Aniline was originally 
ol)tiiinc‘(l by tho action of heat on indigo. Its name is taken from the 
tiatne of the indigo plant, Indigofera anil. 

It is iiuulc, both in the laboratory and on tho commercial scale, by 
the I'cihiction of nitrobenzene: 

11 H 

c: C 

lie C-NOo HC C-NHo 

I 1 -I- Oil = II I ■+ 2H„0. 

lie CH 

CH 


lie CIl 
CH 
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On the commercial scale the reducing agent employed is iron and 
water some hydrochloric acid being used to sUrt the reaction 
Th? rlitrobcnzene is introduced into a large iron vessel 
with a stirrer, a pipe through which steam may be blowm m. and a 
condenser which can either return the distillate to the jes^el or dir 
it into a receiver. Some iron borings, water and hydrochloric acid 
arrayed and steam is blown in. UTien the reaction is under way 
more nitrobenzene and iron borings are added. The steam causes 

Uniiid to distil and the distiUate is returned to the 

The aniline separates from the water and forms a lower lajer. 
C.H.NO, + 2F6 + H.O = C.H.NH, + Fe,0.. 

The laboratory preparation employs tin and hydrochloric acid as 
reducing agent. The anilme U pre.mt^t ^^e end as^a douhie com- 

separated hy steam 

distillation (see Expt. S5 below): 

H NO 4- 3Sn + UHCl = ‘iCoH^NlUCl + 3SnCl, + 4H,0. 

“ ' C,utNH 3 Cl+ NaOIi = CJI.NHH- NaCl+ U.O. 

T^- If a mixture of water and a somewhat 

voSe^liq^d (partiauy ■■'“eible or immiscible 

water n, ^bO mm a 1 W b te.nperaturo 

pressure of the '' an ^ ^ 

of a few condensed, the distillate will be 

rmfr^^r^re wXr‘ and tie substance, which eften separafrs as 

an oil or ttrB crystaU. 

m b.^ id t:ii^leco.n,.oscs below its boiling point. 

I 2 ! For“rng a'liquid with a boiling point higher than water 

from » „.|,ieh <.„ntai.u, much solid and whicl. 
would tbettc bump badly aud overheat locally if di.stdled by 

direct boat , ^ the vapour pressure of 

Steam da,tdk^^ C is appreciable. Liquids boiling below 
C ciL in ^-ncual, be stea.u distilled. Liquids boiling 
te“ow 100“ C are^mt steam dlstUled. as ordinary distillation on the 

appiatus*' lploy^‘'t’Thown in Fig. 63. Water is boiled in 
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a steam-can fitted with, a safety tube to prevent excess of pressure 
or sucking back of the contents of the flask. The flask containing the 
mixture to be distilled is usually gently heated to prevent undue 
condensation of steam, but this is not essential. The steam is led 
into the mixture by means of a bent tube so inclined as to force the 
steam to the bottom of the flask. The flask is usually inclined so 
that splashes of liquid are caught on the top and not carried into the 
condenser. A rather wide delivery tube carries the steam and 
vapour to the condenser. The condensed liquid may separate into 



two layers spontaneously or on being saturated with salt. The 
liquid roquircil may Iheix be dra\ni oil by means of a separating 
runnel. If the liqujtl is miscible with uater, it is .separated from it by 
extraction with a solvent ether), which h then dfstillcd off. 

Lxpt. 8.5 . — Preparation of Aniline . — Weigh out 90 g. of 
granulated tin and place it ^^^th 50 g. (40 c.c.) of nitrobenzene 
in a round-bottomed flask (1,5(.H) c.c.) fitted with a cork and an 
upright tube, l O-l-o cm. wide, and 20-30 cm. long. Mcasvire 
out 2ll) c.c, of concentratctl bydroehloric aci<l. Add 20 c.c. of 
the acid and .sb.ike the contents of the flask. The mixture will 
become hot and boil. When the reaction has subsided add a 
second 20 c.c. and repeat the process. In this wa^' add half the 
aeid in portions of 20 c.c. The remaining acid may then bo 
added in portions of 40 c.c. allowing the reaction to subside each 
time as before. When all tlie acid has been added, heat for an 
hour on the u ater-bath. 
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Set up a steam-distillation apparatus cork and tubes to 

fit the fiask used. Add to the contents of the flask first some 
water (100 c.c.), then, gradually, a solution ot loO g. of 
hydroxide in 200 c.c. ol water. The resulting solution js at once 
steam distiUed untU the distillate is no longer turbid. The 
liquid in the receiver is shaken «-ith a quarter of its weight of 
salt and then extracted with ether. T>.e ahereal solution ol 
aniUne is dried over solid caustic potash. The ether is di«t 
off on the water-bath and the aniline then distiUed b> 

raeaiLS of the naked flame, the water having been let out of the 
condenser. It should boil at 1S4 C. 

382 Properties o£ Aniiixie.— Physical Properlies.-At^ine is a 

colourless oUy Uquid. which, on exposure to air and light, soon 
coiourie.ss ouy 4 . , , slight characteristic odour, 

becomes brownish and resinous It has a siigu 

It is hichly poisonous. Aniline hods at lb4 U it is v 

witef at room tomperaturo, ‘f:" rfn.. y 

therefore floats on hot water but smks m co .1 wa er^ 'Vcent U is 
soluble in water, dissolving to the extent ol about 3 per cent. 

miscible with most organic solvents. „ii,nvitic amines 

Chemiail Properties.— AmWao resembles the aliphatic amines 
L-nemicat ir i manv. hut bv no means all 

such as "‘"‘'‘^' 7 '“' 5 -;,, less basic than tbo,se of methyl- 

respects. Thus its solnto.r salts such as aniline 

amine. None the les?'. it loims -HSO. 

t 1 1 . 1-1 r' TCH f’l and aiii ine sulphate, tgUsi-Mia 

z , ;r 

acetenilidc (§ 3S4) is readily obtained. 

C H NIL + HO CO-CHa = C,Il5Nl[3-O-C0 CU 3 
CollcNlUO-CO-ClIa = CcIU-NlI CO-CHa-k 
Like aliphatic amim-s. aniline gives the carbylauiino and llie 

“ hTmo rniline'u warmed with chloroform and alcoholic potash 
the repulsive odour of phenyl wocyanido is developed, iho expen- 
. 1 L..t nerformed out of doors, as the odour is very persistent 
rndcUnging.^Tl.e smell can bo removed from the test tube and 
c^nttte by addition of concentrated hydrochlone acid winch 

hydrolyses the iaocyanide. 
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If some aniline is warmed with carbon disulphide in alcoholic 
solution and an excess of mercuric chloride then added, and the 
mixture again heated, the characteristic smell of phenyl mustard oil, 
CgHg-NCS, is developed. 

Aniline differs from the aliphatic amines chiefly in its reaction with 
nitrous acid. The aliphatic amines give an alcohol, water and 
nitrogen, CHs-NH^ + HNOj = CH3OH + H^O + N^. If, how- 
ever, a well-cooled solution of an aniline salt is mixed with dilute acid 
and a solution of sodium nitrite is added, liberating nitrous acid, 
nitrogen is not evolved and a solution of a benzenediazonium salt is 
obtained: 


CflHjNHaa + HNOa = C 3 H 5 - N* - Cl + 2H*0. 

This is capable of transformation into numerous other substances 
and is a most valuable means of preparing various phenyl com- 
pounds. The structure and reactions of the diazonium salts are 
discussed in § 399. 

Liquid or dissolved aniline is not reduced by any reagent, but a 
mixture of hydrogen and the vapour of aniline, when passed over 
heated nickel nt 190® C., is rapidly converted into various products 
of wliich cyc/ohexylaminc Ls the simplest; — 



H 



C 

C 


/\. 

/\ 

HC CNH- 

H 2 C CHNH 


-i- GH = 

1 1 

lie CH 

H 2 C CHa 








Aniline. 


rye Wloxylarnino. 


Aniline gives a variety of products when oxidised. In alkaline 
solution tlie reddi.sh azobenzene results: 


2CcH5™2 + 20 = CbH,-N=N-CcH6+ 2 II 2 O 
Clin^rnic acid oxidises aniline to quinone: 


NIL 

0 

C 

II 
/ « 

/\ 

//^\^ 

HC CH 

HC CH 

1 li 

+ 20= II II +XH, 

HC CH 

HU UH 



H 

11 


0 
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Several other products are obtainable by the use of other oxidising 
agents. The action of chlorates is important, as these, especially in 
presence of traces of vanadium salts, oxidise it to anihru black. This 
is produced directly on the cloth or yam by impregnating it with an 
aniline salt, a chlorate and a trace of a vanadium salt. The moist 
material is heated by steam and a very permanent black dye is 

achieved. The composition of aniline black is not certain. 

Chlorine and bromine react very vigorously with anihne. Bromine 
water instantly precipiUtes tribromoaniline from solutions of 
aniline and can be used to titrate it: 


NHj 




+ 3Br2 = 


Br 


NH, 

X\ 


Br 


-{- 3HBr 


Br 


Nitric acid below 0* C. give.s o-, m- an<l ;>-nitroaniline. At higher 
temperatures other nitroaniUnes together ^vlth tarry matter are 

undergoes many most important reactions which are 
troths in other portions of this book. Amorig 

of the azo-dyes (§ 402), triphenylmethano dyes (§ 480), raah>l- and 
dimethyl-anBine (§§ 390, 393), the synthesis of quinoline ilerivatives 

Hine is easUy rccognLserl by the purplo coloration it give., with 

a solution of bleaching powder. 

Bxpr. ) NoU, (a) .light ...lubility in water. 

N„to whUa pr„cipitata 

°^3f-!?,TS!ldon orrnhl',?.; in water a, id bleaching powder, note violet 

.elution of aniline in dilute .nlpl.nrie aeid ndd n .olution of 

poLlintn diebrotnato: “[nilum hXErie aHd ad.i sodinn, 

ni^'" ohm,;n.“ nh*'^™ •» ovolv... and an o.innr of phenol 1. 

‘’Ti'rTry the cnrhylntnine and „na,tard.oU reaction.. 

383. Salts Ol Aniline hydrochloride. C.H.NH,C1, is an 

artide of commcrco, being employed under the name of nnthne 
in making aniUno black (u. eupra). It l.s easUy made by mix ng tl.o 
^rul^d quantities of hydrochloric acid and amhne a '--S 
the salt to crystallise. As the salt of a weak base it is considerably 

hydrolysod in solution. 
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Aniline sulphate, CgHg-NEg-HSOj, is matio by treating aniline 
with sulphuric acid. When heated to 200® C. it is transformed into 
sulphanilic acid or 7 )-aminoben 2 enesulphomc acid, which Ls much 
used in the dyestuff industry. 


NHa-HSOj 

C 


/\ 

lie CH 

I 

c cii 


NHj 

C 

/\ 

HC CH 


I 


I + H.,0 


HC CH 


\/ 

C 

H 


\ 


0 

SO,H 


384. Acetanilide, CftH^'NII CO OHj. — Acetanilide is analogous to 
nc'ctatiiide (§ 115) and is similarly made. As acetamide is made by 
luatin;: iitniuonium acetate or by treating acetyl chloride or acetic 
anliMliidf with ammonia, so acetanilide is made by heating aniline 
jMi tiitc, nr l)y treating acetyl chloride or acetic anhydride with 
.iliililin. 

.\' .-tanilidc is onlinarily prepared by heating glacial acetic acid 
u itli anilim-: 

(',11, -XU - H()(K'CH 3 = C’cHs-NHa-O-COCH, 

- rcH,XH aK'n3 + HjO 

/'./ /)/. .s7 . — Preparation of Acetanilide . — In a llask litted with 
: n upright air-condenser (Fig. 5-1) place a mi.xture of 20 g. of 
Mf>hly-<!i.'^tilled aniline uml 25 c.c. tff glacial acetic acid. Boil 
‘•ntly I'T aliont S hr. 1‘onr the hot product into 400 c.c. of cold 
stilling well. Filter oli'the solid acetanilide at the pump 
iii'l wM>li well. Kfcrystallise by heating it with 800 c.c. of 
'..'1' r in a large beaker, lulding sonic alcohol if the substance 
\viil net dissolve c(ini])letely. I'ilter, if necessary, through a hot- 
w it> r lunin l ( l''ig. 55) and let the product cool. I'he acetanilide 
er\ stalli'i-s out. 

.Ae. tahili'Ie Innns whit<* crystals melting at 115-110® C. and 
lioilint' at ;:i>5° C. It is sparingly soluble in cold, but readily soluble 
in lii*t \<ati'r. It dissolves in many organic .solvents. 

% V 

It is t'tnployed under the name of antifebrin, to relieve headache 
aiii] r« dui-e the temperature in feverish mndition.s. 

I.il-.e aei tamide. aeetanilide is hvdrolvset! by dilute alkalis and 

• • * 

• • id', gi\ ing aniline and acetic acid or their salts: 

( ,i!,XH COCll 3 + 1U(4 - CfiHsNH.-f HO-CO-CH 3 . 

It can be chlorinated, brominated and nitrated and the resulting 
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chloro-, bromo- and nitro-acetanilides can be hydrolysed, giving 
chloroaniline, bromoaniline and nitroaniline. These latter products 
cannot readily be obtained by the action of the halogens or nitric 
acid on aniline, for the free base is so reactive that the halogens at 
once produce trichloroanilino and tribromoaniline, while nitric acid 
forms a variety of products unless the temperature is kept very low. 

P/i€fU2ceh-n.acetylphenetidino.CH3CO-XHC«IT*-OC\H5.issimilar 

to acetanilide and is used in medicine for lowcritjg the temperature ot 
the body and, in large doses, to relieve pain. 


385. Chloro- and Bromo-anilines.— 

4 . i 1 ^ 


Three chloroanilincs und three bromo- 
anilines are known bnt are not of 
much importance. They uro pre- 
pared 03 uidicate<l in § 384. 


386. Nitroanilines. — The nitro- 
anilines are of some importance for 
the preparation of azo-<lyesttitt 

(§402). > , r t 

They are not made by direct 

nitration of aniline. o-Nitrouniline 

and p-nitroaniline are made b^ 

nitrating acetanilide and hytlrolys- 

ing the product. 7 «-Nitroacei- 

anilide cannot be made thus (f. 

§ 347), but m-nitroanilino is readily 

made by the careful rc<hiction ot 

m-dinitrobonzenn (§ 370). 

Expt. 88. — Preparation of 
p-Nitroaniline. — Have ready 
some ice in a basin. Set tip 
the apparatus shown in 1' i^- 
with the addition of a large 
jar containing a freezing 



Kia. 


r> I I rut ion of 


Afc luiillul*'. 


jar containing a -- - ^ ^ 

mixture and surrounihng the btakcr. 

^ i. r 1 on rT of rrliicial acetic aciu an<l c.c. c^i cun 

““Zuo X fcr an hour and then ,.anr U.o ,,r„dnet on to 
continue I, asm. Add water and alter half 

the solid p-nitroacctanilido at the pump. 


an 



394 


ANILINE AND ITS DERIVATIVES 


o-Nitroacetanilido remains disBolved. Wash the solid with 
water and dry by pressing on a porous plate or paper. The 
product is heated on the water-bath with three times its weight 
of concentrated hydrochloric acid until a few drops of the 
liquid give no turbidity with water. The p-nitroaniline 
hydrochloride is then decomposed by adding an excess of 
caustic soda. The liquid is cooled and the yellow crystalline 
p-nitroaniline is filtered oflf. It may be recrystallised from 
boiling water. 

Expt. 89 . — Preparation of m-Nitroaniline . — 20 G. of ?n-dinitro- 

benzene and 100 c.c. of water 
are placed in a beaker and 
heated to 85® C. The mixture 
is agitated by a mechanical 
stirrer and 49 g. of hydrated 
sodium suljihide, dissolved in 
40 c.c. water, are dropped in 
from a tap-fuimel over a period 
of 10 minutes. When a drop 
of the reaction mixture placed 
on a piece of filter j)aper gives 
a black colour ^vith copper 
.‘^ulphato which porsi.'^ts for 20 
sccoiuls the reduction is com- 
plete. The mixture is rapidly 
cooled to 20° C. preforablj’ by 
addition of ice. Allow to stand 
for several hours: filter off the 
7«-nitroiiniline and recr^'stallise 
from boding water. 

Properties of the i*>itroaji\linrs . — The nitroanilines are yellow 
6t)lids with physical properties as indicatetl belo^v'; — 


o-Nitroaniline 

7;i-Nitroanilino 

p-Nitnjaniline 


Ml*. 

Sohibiiity. 

» 

I ( old wntiT. 

Hot water. 

114° 

148° 

1 

1 ] Sparingly 
: i soluble 
' j (ra. 0-1%) 

Readily 

soluble. 




f 



Viii, — \lnt \\*ai*'r Fuiuh‘1 


In their ehernieal properties they have the functions both of 
iiilro-coin pounds and of amines. 



aminophenols 
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Thus they are reduced to diamines: 

HoNCeH^NOa + 6H = HaNCeH^NHa + 2 H 2 O 
Like aniline, they give salts ^nth acids. They form diazomum com- 
pounds with nitrous acid, and from these azo-dyes can be prepared. 

387. Sulphanilic Acid.— p-Aminobenzene sulphonic acid. 
HaN-CftH^-SOsH, is made by baking aniline sulphate at 200° C. 
(§ 383). It gives diazonium salts with nitrous acid, and from these 
Dumorous dyes have been prepared. 

387a D-Aminobenzenesulphonamide so^ NHg. — Tins 

usufl! acotanilido is treated with chlorsnlphomc m-u , giMOg A-actt\Jp 
^r„ob^^.otl°,Ua„cl,lnrido. Thi, .vh«, .rca.od vv., 1 . a.n.n„n.a or an 
amino-comDourul gives s.ilpl.otmnu.le or o .Icr.v.U.vo tJ.vrcof. 


CH. CO.NH< > — Cll3.CO.NH<_ 



SOvCl 




CH,CONiI 



HCl 

SO.yNUR — ► 


NH.. 



^SO.N 


n-K 


Th„ radical U ,nay l,o l.yln.^on as in .ulpl.anilunnda or a groat variety of 

other organic radicles. i,:..,, iivi® C. Tho nvridvl 

It 18 a white Bimringly rcnM'K- elTeetivo a-ain^^ 

derivative, milplmpvndirio or is( xi> . 

cocci and is now a htoti<laril treatment for p ic 


NH 





S()..NH 


/N 




2(p-atiunoh-n/.<-nc-tili.hr.iiamido) pyri.line 

(.M f£ n 

Many other olToctiv,. d. rivativca 1 b-on proparcl an.l Inoogbt into n.so. 

388. The Aminophenols, HOC.II. NH,.-Tho aminophenol., 
cannot ho prepared directly from amhrie, but arc made by reduction 

of the nitrophenols (§37a), etc. with 

They have the general propcrtie.s of amines, giving salts w th 

acids diazo-coinpounds with nitrous acid, etc. llioy have also 

mort’of the propJ^rtics of phenols but differ from them in that they 

are not acidic. The nitrophenols are stronger acids than plicnol 

on account of the presence of the eloetronegativo -NO, group; 

the aminophenols, which contain the basic - Nl , group have, on 

the other hand, no acidic propcrtie.s at all. and form salts with 

hydrochloric acid, etc. 
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The most important of the aminophenols is jj-aminophenol 
p- A m inojph p.nol, 

NH, 




II 

CH 



is prepared by reducing p-nitrophenol, or better, by reduction of 
nitrobenzene to phenylbydroxj’lamine and treatment of this sub- 
stance with acids (t>. table p. 371). 

It forms colourless crystals melting at 184® C. Besides the general 
properties of aminophenols, as described above, it has strong reduc- 
ing powers, being readily oxidised to quinone; 


NHa 

0 

1 

il 



HC CII 

H(J CH 

1 II 

+ 0==. II II -hNU 

HC CH 

HC CH 

\c/' 

\c/ 

1 

II 

UH 

0 


It is used as a ])hotographic developer under the name of rodinal. 
l>iainiiKiplienols with the —OH and — NHj groups in the 1 :4 
5 ) 0 >ition also have reducing power. Amidol, a salt of 2 ; 4-diamino- 

OIl 


phenol, 




, and metol. a salt of A’-niethvl-p-aminophenol * 

\/ 

OH NH, 

are favotirite developers of this type. 



XHCH 


8 


^ TLo that the m^'thyl ^rroup id attached Uj the nitrogen atom, so 

dirttirignishin^^ the coiupomid from ^ ami other isoinerides. 
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THE DIAMINES 

389. The Phenylenediamines— Three diaminobenzenes are known. 
They are usuaUy called pbenylenediainines. and comprise: 

NH, NH, 




NH 




Nil 


o-Phenylanodiainine. 


NHn 

;;.JNifnylon<*<Jianuno. 


f7i-Pheny1fnodiaiiuno. 

Ortho- and ^am-pUenylenediamine are made l.y reducing o- and 
p-nitroaniline (§ 380): m-phenylenediannno by reducing m- i 

irf au soUds, .Cubic br hot ivatcr. They arc colourless 

diazorauin salt, ^ 6*15 ^'2 

diamine, on the other hand, forms ..zimidu-benM m . 

/Nnh 





Nil 


- 1 - liNO., 




NH. 


— N 


'N 4- 2H.,0 


,„.p.mnylen.iuunine 

much acid it reacts liUo unihne, giving a hi.s.di..coimin, .alt. 


N 

III 

N 


+ 1 01 


1 


/N 




\ 


-f- 

N-N 


Cl 


;alt. 


'’p‘phe!;;!le“ni;cr^ikc'7anl?y-^^^ hydroquinone 

(p dihyd,oxybenr.ene). is readily oxidised to quiliono 
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O 


NHj 

11 





4-04- H2O = 

1 

1 

1 

\/ 


4 / 

NHj 

1 


+ 2NH3 


Triamino- 

importance. 


O 

and tctramino-benzenes are kno%m but are not of 


SECONDARY AROMATIC 

Secondary aromatic amines, containing the group =NH, may 
contain a phenyl and an alkyl group, or two phenyl groups. 

As representatives we may take methylaniline, CaHj-NH-CHj, 
and diphenylamine, CgHj-NH-CflHj. 

H 

HC ONHCH3 

390. Methylaniline, || | , can be made by 

HC CH 

\c^ 

H 

heating aniline wth methyl iodide, 

CgHg-NIIa 4- ICH3 = CgHg-NH-CHa + HI. 

On the commercial .•scale, aniline and methyl alcohol are sometimes 
hcateil under pressure, together with some sulphuric acid, 

CgHjNHa 4- HO-CHg = CgHg-NH-CHg 4- H^O, 

but some dimethylaninne {§ 393) is also formed, and is only separated 
with diliiculty from it. The method now in general use is to con- 
den.se aniline with formaldehyde and reduce the product wth zinc 
and caustic soda: 

CgHg-NHo -h OCHj = CgHg-N = CH, 4- H2O 

Cgllg-N = CH, + 211 = CgHg-NH-CHs 

Mt'thylaniline is a colourless liquid wliich boils at 194“ C. 

It is a stronger ba.se than aniline, and forms salts such as 

>NH4Cl-l 

CH/ 
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dimethyi^aniline 

It differs from aniline in that it does not give the carbylamine or 
mustard-oU reactions, and also in its behaviour rrith nitrous acid, 
with which. Uke other secondary amines, it gives a mtrosoaniine. 

+ HO-NO = Nn— N = O + H,0. 

CH,/ CH. 

Primary aromatic amines give diazomum salts m these circum- 
stances. W-n treated with methyl iodide, it gives dimethylamlme 

(q.v. bolow), - 1 

Methylaniline ia much used in the manufacture of dyes. 

391 Ethylaniline and other alkylanilines are prepared in an 

analocous manner and have similar properties. 

392 ! Diphenylamine. (CeH^l^NH, U made by heating anibne 

hydrochloride with andm^i^ ^ C.H. NH C.H. + NH.Cl. 

It is a solid melting at 64° C. and boding '^30- C. It js a vey^ 

feeble base Its nitro-derivative, CeHaiNOjls *^3’ 

acidic in character (cf. § 314). Its ammonium salt is used as an 
orange dye under the name aurantia. 

tertiauy aromatic amines 

The most important of these is dimcthylanilino. 

H 

/CH. 

HC C N's. 

, -I- II I \(‘H, — Dimetbylaniline is 

393. Dimethylamlme. \\ 1 

no CH 

\c^ 

H 

1 V la.ofinrr oTcess of methyl alcohol with aniline in presence 
Tsu^hur “acid at 230° C. Thi use of excess of methyi alcohol 
* *1 s. fr^rmfltion of much monomethylaiuhno. 

one of the most important materials used in the iiian.ifaeluic 

of dyes (§ 484 ffO. ^ liquid „,hich boils at 193° C. It 

ha? tosic Vopcctics and forms salts with acids. Being a tertiary 
• »ir>t irivo the carbylamine or mustard-oil reaction, 

““it’differs from a tertiary aliphatic amine, such as trimetliylaniino 
,S 127) in forming a nitroso-compound with nitrous acid. I ho 
_N=0 group i.s attached to the benzene nncleu.s in the pai.i. 
po.sition, not, as in tt.e nitrosoamines, to the nitrog.m atoim 
'oN OH-t- C.H. NiCH.), O = N-C.H. N(CH,)., + 11^0. 
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Diraethylaniline reacts very readily with methyl iodide, giving 
phenyltrimethylammonium iodide, [CgHj-NtCHala]!. 

394. Triphenylamine, (CcHslgN, has no basic properties, the three 
somewhat electronegative phenyl groups neutralising the basic 
effect of the = N group. 

QUATERNARY A5DIONIUJI SALTS 

These strongly resemble the quate*rnary ammonium salts of the 
alipliatic series (§ 12S). Phenyltrimethylammonium iodide, men- 
tioned above, is an example of one of these. By treating this with 
moist silver oxide, phenyltrimethylammonium hydroxide is formed, 
which i.s a strong base. 

Both salts and bases break up when heated, giving a tertiary 
amine and an alkyl compound: 

= CJI,-N(CH3), + CH3l 
Cc1Is-N(C'H 3)30II = Cen5-NtCH3)2+ CHgOH. 


QUESTIONS 

(1) W’liat arc tlu* rhiff WifTiTrnccs between afkiomtio nn<l nlipbntic aminos? 
lllnstratr N '>ur uru^vv*'r by coinpnnii;' atiiUnu a/ul iitotfjylaininc. 

(2) \\ liMt aro primary, .‘^cuMudary atul tertiary amiiu s? 'I'o whicli of these 

ulas^cH anilira*, fa-plionyluianliurninc, di?n< tb^\ iariiliiio, dipficnylainino, 

laphouir'tbs laialirM*. roamlinc? 

(3) tbi* labt»ralf^ry pr^jpuration of aniline, e^tartinp fram benzene, 

{4 ) ! {• *\\ i - ila* of illation carric<l nut, uiul fur wliut types of 

Kt'piU*a( h »u it vmtuhlal 

pOj \\ bat iH an uiulidt*? l)»‘4arihc tlio preparation i»f aeoiatiilidi». How can it 
la* rnn\ rrt»'d into one of tho nit n>ani|iia'S? 

(0) Discuss the n nuiiou of nitroUH ariil svitli tlift various of aliphatic 

>'n i anmmt iu aiaincs. 
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DIAZO-COMPOUNDS AND OTHER AROMATIC 

NITROGEN COMPOUNDS 

When a wcll-cooled solution of a salt of aniUne or other primary 

aromatic amine is treate.l with nitrous aci.l. no fias is evolve* . 

From the resulting solution unstable salts of the formula 

C„Hs— N,— A, whore A is an acid radical, can be isolated. Ihese 

are called" benzonediazonium siilts. The constitution of the . 2 

croup is discussed in § 30S. ^ , 

They undergo a ino.t remarkable aeries ol transfor.nat.ons, and 

are of the gr-eatest use both in the laboratory and on the eommercial 

395. Preparation of Diazonium Salts.-As an exann.le we may 
take the preparation of a solution of l,en/.ene<ha/,oiuum el, Ion, h 

is dissolved in an excess of r ‘',‘:' cd :;::5 

3 mols ) and the resulting solution of aniline hydnx hlondc coohd 
to near V C A cold, concentrated solution of .soiiiuin nitrite is then 
dowiradded until i very slight excess of nitrous acul is present, 
the temperature being kept below 5 C. 

C.Hs— NHgCl + HO-NO = C«Hj— Nj— Cl + 2naO 

The benzenediazonium chloride remains in solution. 

Expt 90— To Prepare a Solution of IkJizenediazonium 

CAWe.-This experiment should he 

Student can follow it up iimin diaUdy by Expta.— J- J4 or ,»b. 

in a beaker is coole*] in a freezing mixture to 0 — o C. Akan 
whUe 8 g. o sodium nitrite are dissolved iu .'.O e c. o cold water 

rmfadded.a little at a time, Abou; 

the temneraturo of which must not ri.so above o C. About 
1 minutT after each addition of sodium mtrite a drop of the 
Llution is taken out and spotUxl on to etarch-.Ofiido paper. 
When a slight excess of nitrous acid is mdicated by tins being 
turned blue, the diazotisation is complete. The solution should 

be kept cold till required {v. Expta. 92, 93, 94. 96). 
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DIAZO-COMPOUNDS, ETC. 

The benzenediazonium salts are very soluble in water, but not 
very soluble in alcohol or ether. The solid salts are made by a 
modification of the above process, amyl nitrite being used in place 
of sodium nitrite and alcohol being used as solvent: 

(C«HBNH3),SO*-f 20N-0 C5H„ = N,)2S0* + 

2 CjHi,OH + 2H2O 

Expt. 91 . — Preparation of Benzenediazonium Sulphate . — To 
15 g. of aniline in a beaker add 140 c.c. of absolute alcohol and 
then add 16 c.c. of concentrated sulphuric acid, stirring vigor- 
ously till the aniline sulphate has redissolved. Cool to 30® C. 
and add from a tap-funnel 20 c.c. of amyl nitrite, stirring 
steadily and not allowing the temperature to exceed 35* C. Cool 
the beaker hy surrounding it with crushed ice. Crystals of 
benzenediazonium sulphate separate and are filtered off at the 
pump and washed with a little alcohol. It should be nearly, 
but not quite dried by pressing on filter-paper, and at once used 
for Expts. 92, 93, 94, 96. Any residue left over should be 
wa.'^hcd down the sink. 

396. Benzenediazonium Chloride, c„H6— Nj— ci. and Nitrate, 

onn bo precipitated from their pohit ions, prepared by tho 
metliod of Kxpt. 90, by addition of alcohol and ether. The chloride aiid 
nitrate are rnort* unstable than the sulphate. All th^' benzonediazouium saltd 
aro l•\p[oBivo when dry. 

397. Benzenediazonium Hydroxide, CbHj— N a— oh. is obtainod by the 

action nf nuii^t silver oxi<le OQ a Holution of benzonedinzoniuin cldoride. ltd 
solutii>ns arr^ Hlrtincly alUalimt. It ie very uastable and cannot bo Uolated in 
the Sidid Btato. 

393. Constitution of the Diazonium Compounds. — Tlie empirical 
formula, CaHjN.Cl, and the numerous reactions in which free 
nitrogen is evolved show that benzene diazonium chloride has the 
structural formula. 



The constitution of the —No — group has given rise to much dis- 
cussion. 
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STRUCTURE OF DIAZONIUM SALTS 

The chief alternatives are the KekuJc formula, CgHj Cl, 

and the Blomstrand formula. N-Cl. The 6rst formula 


N 

explains their reduction to hydrazines, ^ 

CeHj— N = N— a + 3H CeU^— 
and their formation of azo-dyes, which cert;imly contain the 
- N = N — group. The objection to it is that in other salts where 
the acid radical is attached to nitrogen (ammonium salts, salts of 
amines, hydrazines, etc.) the nitrogen atom is apparently quinque- 
valent. Apart from their instabiUty tlie diazonium salts show a 
decided resemblance to the ammonium salU, and so presumably 
b&vc aniilogous structure. 

The nitrogen h, th. .alhj NlLT^^vhC^! ir ll 

above hai» four eUK-lrouic val. ocu-'* («» KM. J \ * • olilorid.* 

single poaitive charge arul tlu rc-foro one ...n.c valcu. v . .Un.nu.uu. > 

may bo reprcsontwl o-s 


M 


M * N : n 


H 


1 + 


( . 1 - 


wi.oro dots represent oioctron. 

i;;:::h^cr:h!.;-.o^group. ...... above. 

N .o... .,,.1 iru 

ion would ^^ivo o> ti«*gutivu nrio. 




ono wlditional olt'ctron 


( .) being taloin into tho group. Tho group CeH^ - N 

N 


would, howovor. give a positive ioii 


rnO' 

©o 


©o 

, ririo olei troii from tho live ( x ) origiiiuliv i>roHent in the 

-n=n- 

Btnicture. ThuHB/ohciwMjeieC«Ilo-‘^*-*^ 
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andafonnula.CgHs-N-CgHj, would not correspond to any possible 

ri 

N 

electronic structuro* 

It should be noted that the linkage between tlio chlorino and nitrogen atoms 
in tlie diazonitim salts is electrovalent, while the remaining linkages are 
covalent. This distinction has not been made in writing the formulas on pp. 
402 ff. 

The Blomstrand formula, CgHg— N— Cl, explains the trans- 

III 

N 

formations of the Uiazonium compounds satisfactorily, while repre- 
senting the group to which the acid radical is attached as having a 
similar structure to the ammonium group. 

399. Chemical Properties o! the Benzenediazonium Salts — 
.Solutions of benzeneiiiazonium salts at temperatures (near 0® C.) 
at w hich they are stable, closely resemble those of the ammonium 
salts, i’liua they form sparingly soluble platinichlorides [c.g., 
((’.iUj— XolJ’tCl,,, of. (XliJa PtClg] and auriohlorides, give the free 
base with moist silver oxide; etc. 

Their characteristic reaction is the loss of nitrogen and the 
simnltancows entry of a substituent univalent group into the benzene 
nucleus. 

'liius. when heated with water, benzcncdiazonitim chloride gives 
phenol and hydrochloric aehl, nitrogen being copiously evolved: 

C^H,— X-Ci -I- 11 OH = Cgllg-Oll + N, -h HCl 

III 

X 


Wlicn it is boiled w nli ah-ohol, the latter i.s oxidised to aldehyde 
while the diazunium salt is redin-ed to the hydrocarbon: — 

(\II 5 -X— Cl r..H,0 - Cgllg -h Xa + HCl -f- CM^O. 

Ill 

N 

'1 he Siuidi/injcr reacti«.»n consists of treatiug the diazouium salt 
with a cuprous coinpound. In this way the diazouium group may 
be n plaecd by chlorine, bromine, or the eyanido radical. 

Thus, if lii iizeiici.liuzoniuni chloride is warmed with a concentrated 
solution of cuprou.s chloride in hydrochloric acid, chlorobenzene is 
foniu'd and nitrogen is evolved: 



diazonium salts 

CeHg— N— Cl = CoHjCI + Na 


405 



u V«v n <;imilar reaction. lodobenzene 

“^XrpVbr* ‘be salt with hydriod.o 

acid or potassium iodide: 

C«H,-N-C1 + KI = C,HJ + N, + KCl. 



RKACTIONS of a DIAZOXULM SALl 



o 
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Fluorobenzene is prepared by gently heating the diazonium boro- 
fluoride which is prepared by adding borofluoric acid to a diazonium 
salt solution. 

CeH,— N— Cl + HBF, = C^H,— N— BP.+HCl 

III III 

N N 

CeH.-N-BF.^C.H^F + + BF3 

III 

N 

Phenyl cyanide is prepared by adding the solution of the dia- 
zonium salt to a warm solution of potassium cuprocyanide, made by 
adding potassium cyanide to copper sulphate solution in the fume 
cupboard till the precipitate of cuprous cyanide redissolves. 

2CuS 04 -{- 4KCN = 2KaS04 + Cu2{CN), + (CN), 
Cu 2(CN)3+ 2KCN = K^Cu^iCN),. 

A great many other groups can be introduced. The table below 
gives some of these. 


Duizonium yult treated with 

Givc8 nitrogon and 

Water .... 

Phenol 

Alcohol .... 

H3’^drocarbon 

Cujjrous chloride 

Chloro-hydrocarbon 

„ bromide 

Bromo-hydrocarbon 

Potassium cupro-cyanide . 

Cj’ano-hj'drocarbon 

iodide 

lodo-hydrocarbon 

rniwus a OKI -h CuaO 

Nitro-hvdrocarbon 

Sulphur dioxide 

Sulphonio acid 


Ihe rwluction of a benzonediazonium salt with acid stannous 
chloride gives phenylhydrazine (§ 409): 

Cells— X— Cl + 4H = CeHe-NHNHga 

ill Phi'nylhydrazine 

^ hyclrocl deride. 

llie diazonium salts react with amines giving diazoamino- 
coiupouruls. 'I’hus benzonediazonium chloride and aniline give 
diazoaniiiiobenzeno (§405): 

CcH^— X— Cl + II.,N-CeH5 = 

III 


N 


CeHj— N == N— NHC.Hb + HCl. 
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AZO-DYES 

These readily change into aminoazo-compounds, some of which an* 
useful dyes: 

C^Hs— N=N— NH— CeHe = CoHs— N=N— CeH.-NH^ 
From the industrial point of view the most important property 
of the diazonium compounds is their reaction with the phenols. If, 
for example, benzenediazonium chloride solution is added to a 
solution of phenol in alhaU, the azo-dye, benzeneazophenol. is 

produced: 

H H H H 

j'O — yC — Cv 
H(X N— a + HCf >C-ONa 

\c=c/ 111 ^0=0/ 

H H N H H 


H H 


= HC 




H H 
C— C. 



C— N = N— C 


/■ 

_.v/ 


C-OH + NaCl 


H H H H 

Since any ]>riinary aromatic amino or substitution product of a 
primary amino may replace aniline, and any aromatic hydroxy- 
compound may replace phenol, an enormous numbe-r of azo-dyes 

may bo prepared (§402). 

Kxnt iy 2 .-nc<irJionsofSolutionsofl)inzouiumSaU.’, -A\) Add »n .-xross 

Htohol a..<l »»n„. Nitr,.«.-M i, ovolv. ,! U.lut.. tl.o k., 1„ ,o., .v.tl, 
wtiUT^bonxono lloata to tlio surfm-o (aoino pJioiu-toK* m rtlso tortnid). 

(2) To a portion add an oxcona of potiu*siuiii iiMiido solution. Nilrogon la 

and lodobonzono fiepuratcK out. .... , , 

cl) Warm a portion of the solution. A dark oil (whic h w phonol contain- 
inc Motno waU*r} Moparatea and is eonily recoKrii<*« »1 by its ninoll. 

hJ) To a portion add o solution of phenol in caustic sndu. A bnUuint 
ornniro precipitate of bonzono-azophcnol is proihiccd (cf. Kxpt. J-*)- 

""f Add a few drops of aniline. On shuking. diiizouminobcnzcno (§ 4(io) 

Bojiaratos *ui a yellow ppt. 


THE AZO-DYES 

400. Dyes. A dye is a substance capable of imparting to a 

textile fibre a coloration which is not removed by washing with 

Many coloured stibstances, e.g., a solution of copper sulphate, are 
not dyes and if a piece of fabric is coloured by such a substance, 
washing with water will whoUy remove the colour. A piece of silk 
coloured by a dye, say, picric acid or fuchsino (§480), may be soaked 
in running water for an unlimited period without removing the 

colouring subBtance. 
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We can then distinguish 

(1) Colourless organic substances, 

(2) Coloured organic substances which are not dyee, 

(3) Dyes. 

401. Colour and Structure. — The great majority of organic 
substances are colourless. The possession of colour is associated 
with the presence of certain groups. 

In the first place all dyes^ are cyclic compounds. They do not 
necessarily contain a benzene nucleus, for many contain hetero- 
cyclic rings in which one of the members is a nitrogen, oxygen, or 
sulphur atom. 

Benzene itself is colourless in the sense of having no absorption 
bands in the visible region of the spectrum. It i.s, however, ‘invisibly 
coloured’ and has seven absorption bands in the ultra-violet region 
of the spectrum. It is thought that certain groups, ‘chromophorea,* 
shift these bands to the region of the visible spectrum. 

Ihe groups which, when present in or attach^ to a benzene ring, 
induce colour are numerous. 


The most important chromophores are the following: 
Nitro-group — NO, 

Azo-group — N = N — 


Quinonoid structure —C( or 

^c=cr 


O' 

/ 


Carbonyl group — CO — 

Nitroso-group — N = O 
Kthylenic linkages — C = C — 

The presence of these groups or structures in a benzene or other 
cyclic compound may give a coloured substance. The quinonoid 
structure and the azo-group are most effective, the nitro-group less 
so. while the carbonyl group.s and unsaturated linkages must be 
repeated several times in the molecule to bring about colour. As 
examples of coloured substances which are not dj-^es we may take: 



1 


H H 

Azobonzene; oranfjt roh 
But not all coloured organic compounds, 



H 

Benzil; ytUoiL\ 



COLOUR AND STRUCTURE 


4on 


H 

C 


NOo 


O 

il 



CH 


/ 

HC 


HC C CH 
H H 



O 

II 

C. 


CH 


HC 


HC CH 

Xc/ 


HC 


C = 0 


HC 


CH 


C 

H 


O 


Nitronaphthalcne; yellow. /j-BoDzoquinoDo; yellow. o-Benzorunn^ne; orange. 


H 


HC C— CH = CH— CH = CH— CH = CH— C CH 


HC CH 

Xc/ 


HC OH 

Xc/^ 


Pj Diplienylhexatriono; ycllvw. H 

If in addition the groups — NH, or -OH. which have been called 
auxochromes, are present the colour is much intensihed. though these 
groups wiU not give colour by themselves. The compounds con- 
taining a chr&mophore and an auxochrome are also usually dyestuffs 
that U, they can be attached to textUo hbres in such a uay that 
they cannot bo washed off again. Thus we may have: 

H H 

/V 

HC C— N = N— C CH 


HC CH 

NcX 


HC CH 

XqX 


H n 

Azobonzono; orange, but not a dye. 
Cbromo{)t)orc* only 


H 


H 

C. 


CH 


X^X 

HC C— N = N— C 

II I I 

HC CH HC rOH 

XcX XcX 

il H 

IJenx^'nort/oplionol (§ 399 j; j/tlloiv IDvKr 
Chroinophore + auxocliroino. 
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/"v 


HC 


C— N = N— C 
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H 

/■^ 

CH 

II 

HC CH HC C-NH 

Xc/* \c/ 

H H 

Ammoazobeazene : yellow dyk. 
Chromophore + auxochi\>me. 


The question of the relation between the colour and structure of aji 
organic compound is one which has been argued very fully and is 
still a matter of dispute. The influence of auxochromes and chromo* 
phores as set out above is, however, soundly established. 

The actual colour produced by a given structure cannot yet be 
predicted The simplest coloured compounds are as a rule yellow 

or orange. Blue and green compounds are usually of high molecular 
U{*ight. 

402. The Preparation of Azo-dyes. — The actual preparation of 
nn azo-dyestuff is very simple. An aromatic compound containing 

an araino-gro\ip is diazotised by a modification of the method 
described in Kspt. 90. 

R— NH.Cl -f HNO, = IWN— a + 2 H 3 O. 

Ill 

N 

The diazonium salt is mixed with a solution of a phenol in alkali 
and the azo-dye is at once produced: 

+ NaO R'(H) == R^N = N— R'-OH + NaQ. 

N 


The azo-dye is often precipitated and has only to be filtered off. If 
it is not precipitJiteii, it may be salted out. 

Expt. 93. Prejniration of Iie^arci7i Yellow and Dyeing of Silk. 

This dye is known as ‘Sudan G.’ Prepare a solution of 
beuzenediazoniuni chloride as described in Expt. 90. Dissolve 
resorcinol (4 g. for every' 3 g. of unilino diazotised) in water and 
add a tliird of its weight of camstic soda and about as much 
sodium carbonate. When dissolved, cool to 10 — 15° C. and add 
gradually with goo l stirring to the dia/.o-solutiou. If the dye- 
stuff is not wholly precipitated, saturate the solution -n-ith salt. 
Eilter off the dye-stuff at the piunp, wash with, a little water 
and diyu 
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Boil about 0*5 g. of the dye with 250 c.c. of water and a few 
drops of acetic acid. Filter off any undissolved dye througli 
wet filter-paper, let the temperature fall to 60° C., and drop in a 
few square centimetres of silk. After a few minutes remove and 
wash well. It will be dyed a fine yellow colour. 

403. Dyeing. — Dyes are applied to materials in several diSerent 

ways. They are applied as: 

(1) Direct dyes. 

(2) Mordant dyes. 

(3) Ingrain dyes. 

(4) Vat dyes. 

Protein fibres, e g., wool and sUk, are much more readily dyed than 

are cellulose fibres, cotton, linen, etc. „ j i i 

(1) Direct Dyeing.— The majority of <lye-stuffa mU dye wool and 

silk permanently when the latter are merely heated wnth a solution 

of the dye-stuff. The addition of salt or dilute acid may improve 

the process, hut is not necessary to it. , 

Cotton, linen, etc., are not dyed wlien merely boded until most 

dyestuffs, and the colour imparted is merely temporary. Mordant, 
ingrain or vat dyeing is largely adopted for these n.ateriab A class 
of^ves which are capable of directly dyeing cotton and linen and 
artificial silk have recently come to the fore. Iheso are the suli>hido 
dyes They contain heterocyclic rings composerl ol carbon and 
sulphur atoms. They give greens, blues, browns and blacks, hut no 

®°A*d°y?8tuff whteh winllye fabrics directly is often called a sa/Mtan- 
tive dye, as distinguished from the adjective dyes attached by 

'“°(2rSarU Dyeing. -tinuieroaa dyes form insoluble compounds 
with various metallic salts. These are used for dyeing cotton and 
linen and to a smaller extent for wool. The process an appliw to 
cottoii may ho as follows; The material is iniprcgnated uith a 
solution of a metallic salt, usually the acetate, and tins is 
by the action of steam. Tlie material is thus impregnated u.tl, the 
hydroxide of the metal. It is then dyed, ll.e metallic 
is^nermanently attached to the filirc and tlie <iye attaches its.-lf to 
thrmetallic compound in an insolul.le form. The duef mordants 
emiitevcd are aluminium, iron, chromium, ami tin coinpoumls. 
SiCc-nt monlants often give different colours with tlie sa.no dye. 
Acidic dyes are best mordanted w.tl. meUllic compounds, hut basic 
dyes are mordanted on cotton liy tl.e use of tannic ao.,1. wind, acts 

in the same niaimcr as tlie metallic mordants. 

The most important moniont dyes are tlio.so of the ahzarm 

series (§ 642). 
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(3) Ingrain dyeing is confined to aniline black (already mentioned, 
§ 382), and to the insoluble azo-dyes. 

Many of the most brilliant azo-colours are insoluble in water, and 
so cannot be dyed by methods (1) and (2) above. The process 
employed for these is to moisten (or pad) the material with an alka- 
line solution of a phenol and then immerse it in a solution of a 
diazonium salt. The dye is produced within the fibre itself, and is 
not to be removed by any amount of washing. 

The chief dye of this typo is paranitraniline red, which is the usual 
red dye applied to cotton. The cotton is damped with an alkaline 
solution of /-^-naphthol and passed into a solution of paranitro- 
benzenediazoriium chloride, obtained by diazotising (Expt. 90) 
par.initroaiiiline: 



Sixiiuni flalt 
of 

(on cloth). 


rnranitrobenzono- 
Uiiizonium chloridu 
(in bath). 



+ NaCl 


Naphtholazonitrobenzene (Paranitraniline red). 

Numerous other colours may be obtained if other phenols and 
amines are employed. 

h.rpt. 04. htgratn Dyeing. — Soak a piece of cloth in a strong 
solution of V-naphthol in caustic soda. Dry the cloth first with 
blotting paper, then on a warm radiator. Dip it into a solution 
of berizencdiazoninm chloride as prepared in Expt. 90. It is 
instantly dyed orange. 

(4) Vat Dyes.— Vat dyes are insoluble coloured compounds which 
are brought into solution by some chemical reagent, usually an alka- 
line reducing agent. The fibre is ‘dyed’ ^rith this solution (which may 
bo colourless) and the colouring matter in the fibre regenerated by 
oxidation. The process is disctissed under indigo (§ 565). Indigo is 
the most important vat dye, but many others have been sjmthesised. 
They are, as a rule, very permanent. 

404. The Diazotates. \A hen a solution of a benzenediazonium 
salt is treated with e.Kcess of caustic potash a .'^alt Ls precipitated with 
the formula N 2 OK. 'Ihis is called potassium benzenc- 

diazotate or potassium diazobenzene ojfido. By heating this with 
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caustic soda to 130°— 135" C. it is converted into potassium iso- 
diazobenzene oxide, of the same formula. These compounds are 
probably stereoieomerides with the formul® 


C.H 


C.H.— N 


and 


KON 

normal. 


NOK 


150. 


They differ in stability, the uo-compounds being much more 

^''^en acidified, they regenerate benzcnediazonium salts. Since 
they are much more stable than these it has proved possible to 
manufacture the tso-diazotates commercially for use 
The diazonium salts are too unstable to be stored, but the ts ■ 
^zot^ kelp weU and have only to be acidified to y.eld the 

diazonium salts: 

XT XT ^ ~ _ 

® II 2HC1 = 111 + 

V_OK 


AZO- AND RELATED COMPOUNDS 

Diazonium Salt 

0 — N-Ol 

! 


Azo-Compounds 



A'/.obonzono. 



. , M.Sulphobonzonpnzotliinothylanilino 

Ucnzonoszophonol. (methyl orange). 


— ~ Azo-dyes. 

1 There haa b(^n saUs^ nitrosoamino atul bad 
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Diazoamino-Compound Azoxy-Componnd 





Hydrazine 




— NH—NH 


3 


I^lionyUiyclrazIne, 


N: 

vy * 


N— 


O 

Azoxybenzone* 

Hydrazo-Compotmd 





—NH—NH— 


X\ 


H y dra zo bonzeno. 


405. Diazoaminobenzene. — \Mieu a primary or secondary amine 
rcaHs with a diazoniura salt a diazoamino-compound results. 

'Ihus niiilinc and benzenediazonium chloride give diazoamino- 
l)<*nzcru‘, which sopa rates as a yellow precipitate: 

t. clU— N— CI + HjX CeHs = CgHfi— N=N— HN— CgHfi-f HCl. 

I 

X 

On. — Preparation of Diazoaminobenzene. — 3 G. of con- 
centrated Rulphurlc acid are iiii:sed with 300 c.c of water into 
u )a, h are Btirn .l 10 g. of ariiUne. al>out half of which will nut 
'rijc Injuid containing aniline and aniline sulphate is 
h'Mtrrl to ('. on the water-bath and 3-75 g. of sodium nitrite 
in 10 c.c. of water are slowly added, the whole being 
Mgurnuslv st invd. I'he benzenediazonium sulphate, so formed, 
reaets \\ it , tlu- aniline, ns <leseribed above. After a quarter of an 
hour, the li(|uid isallo\\e<I to cool and is left tostand for half an 
Jionr j lie dia/ontninobcrr/cne crystallises out and is altered off 
ami dried by i.ressmg on absorbent paper. If required pure, it 
may be re<.rystallised by finely p.iudering it and stirring it into 
three time.-i its weight ol boiling alcohol, which is at once left to 
cool. It IS (leeoinpo.s<'.l when heate<l for lont^. 

Diazoaminobenzeno forms goI<I.-n yellow crystals meltincr at 9S“ C. 
It is not basic. \\ hen boiled \\ith water for a long tHwiod it loses 
nitrogen giving jiheriol and aniline; 

C«H,-N = N-NII-C«H, = CJUOII f X, U.KC.U, 

HO 


H 
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AZOXYBENZENE 
Nitrous acid converts it into benzenediazoaium chloride: 

C«H,-N = NNHCeH, + HNO, + 2Ha = 2C„H,-N-C1 +2H,0 

6 5 III 

N 

When heated, especially in presence of aniline hydrochloride, it 
forms the basic dye aminoazobenzene by an mtramolecular re- 
arrangement: 


HC 


H 

C 


II 




c— N=N— NH— C 


CM 


HC CH 

N/ 

li 


HC CH 

Xc/ 


u 


H 


H 


HC 


^ N— C CH 


HC CH 
H 


HC 


CNH 




H 


406. Azoxybenzene.— When nitrobenzene is reduced by means of 
alcohoUc potash azoxybenzeno w obtained. 

The formula for azoxybenzeno is 

CeHfi— N = N— CeHj. 

O 


a view supporUrd by the fact that two different /.-mono-substitution 
nroducts of azoxybcnzencs can bo prepared. 

^ It is best prepared by dissolving 10 g- of sodium m -oO g. of 
me\hyl alcohol and adding :i0 g- of nitrobc^.eno. 1 ho mixture is 
U * 1 . nrh.r reflux (Fig 26) for several hours. Ihe alcohol is 
"cd off on the W ‘L"bath\„d the residue shobon with water. 
The azoxybenzene forma a yeUow or dark-coloured od wbrel, 
BoUdiffea and may be reorystalliaed from petroleum ether, 
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2C«H5N02+202N-CeH5-f-3Na0CH3=2CaH6— N = N— CsHj 

't' 

O 

+ 3NaOOC-H + 33^0 
It forms 3'ellow crystals insoluble in \rater, melting at 36® C. 
heated with iron filings it is readily decomposed into azo- 
bfiizene and aniline. It can be reduced first to bydrazobenzene and 
finally to aniline: 

CeHs— N=.N~CeH, + 4H = CgHg— NH— NH— + HgO. 

I’ 

O 


407. Bydrazobenzene, C^H^— NH— NH— CgHs, is prepared by 
reducing azoxybcnzene or azobenzono with sodium amalgam. It 
forms colourless crystals melting at 131® C. 

It is decomposed into azobenzene and anUine when heated: 

2C«H5-NH— NHCoH, = CaH5N=NCeH6 + 2C,H6NH,. 

It is readily oxidised to azobenzene and can be reduced to aniline. 
The most interesting reaction of hj'drazobenzene is the benzidine 
(rnn-'^fonnation. If bydrazobenzene is treated with hydrochloric 
.ii-id even in the cold, it is converted into benzidine: 


U H 

-C — 


IK’ 




= r/ 


H II 


H 

-C 


H 

C 


X 


C—XU— NH— c 




X 


H 

H 
C 


= C 

H 

H 
— C 


\ 

CH 

X 


= H,NC 


C 

H 


C 

H 


\ X 

o— c 

\ 


H 

c 


H 


v 


CNHj 


C 

H 


c/ 

H 


The reaction is used commercially for making benzidine, which is 
used in preparing certain dyes. The shifting of groups from the 1 to 
the 4 position is not uncommon in aromatic compounds, but in the 
benzidine transformation it should bo notcul that both rings must 
turn round completely. 

408. Azobenzene, ‘c'.IIfi— X = X—C«U,.— Azobenzene is made 
on the large scale by reducing nitrob< a/.onc with zinc dust and caustic 
soda: 


CeHj-NO, + OjX-C«H5 + 811 = 
In the laboratory it may be made 


CcH,— N=N — + 4H,0. 

l\v heating azoxybenzene witli 
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phenylhydrazine 

iron mines, which serve to diminish the vigour of the reaction A 
mixture of 5 g. of azoxybenzene and 15 g. of non filings may 
cautiously distiUed from a smaU retort, the product being recrjstal- 

Used from petroleum ether: . t- r. 

C^Hs— N=N-C,H. + Fe = C.H,-N = N-C.H, + FeO. 

I 

Azobenzene forms large orange-red crystals. It melts at C8‘» C. 
and boils at 293° C. It is insoluble in water, but dissolves m mos 
orcainc solvents. In comparison to the diazo-compoimds it is a very 
stfble subsUnce. It does not lose nitrogen m any of its ordinary 
r^dto^ T^us it is stable up to 300° C. O^ddising apnts convert it 
intoazoxybenzene and reducing agents into hydrazobenzene. 

hydrazines 

409 Phenylhydrazine. CeH. NH NH,. is the most imporUnt of 
Mdrazines It is prepared by reducing diazomum compounds, 
best ^vith stannous chloride and hy<lrochlonc acid.- 

" - C.iu— NH 


CM 


N— Cl 


+ 4H = 




N 


BenzoiMtdiuzoniuJD 

clilorido. 


NllaCl 

Phonylhy»lruziiio 
Ijydrocliloritlo. 


Exvl 90 —Preparation of Phenylhydrazine.— BiseoWe 10 g. 

Expi. J I ^ po l,y freezing 

of a^ne ’ ^ j nitrite in 100 c.c. of water and 

Tdd t to“rlcr®sohition, keeping the temperature below 
too c Whet, a drop of the mixture turns potassium lodide- 

stareh paper 10o“.e: 

of eoncentfatcd hydrochloric acid and the coM 

r ^ Vat h:rth^: 

oft at the pump and^tkim as dry as poasible. The product is 
haktn with exVs of caustic soda. Phenylliydrazino separates 
Is an ou! The solution is extracted with other, the otherea 
1 f n driMl over solid potassium carbonate, decanted and 
itiS t the wit- bail The oily hquid remaining afmr 
^tUling off the ether is phenylbydrazme. It can bo purified by 

distillation in vacuo. 
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Phenylhydrazine forms colourless crystals which melt at 23* C. 
It readily oxidises in air to indefinite brownish compounds. It boils 
at 240** C. with slight decomposition. Phenylhydrazine does not 
dissolve easily in water, but forms a hydrate (CgHg-NH NHjlaH^O. 

Phenylhydrazine is basic in character and readily forms salts such 
as phenylhydrazine hydrochloride, CeHjNH-NHaa. It is a powerful 
reducing agent, forming benzenediazooium salts when gently 
oxidised, aniline and ammonia by stronger oxidation. 

Its most important reaction is the formation of phenylhydrazones 
and osazones with compounds containing (or capable of forming) 
a carbonyl group ■> CO. ITie formation of a phen3'lhydra2one may be 
represented thus: 


R 


R' 


C=0+ HaNNHCeHs 


= 'Sc=N- 


R' 






Its reaction with sugars to form osazones is discussed in § 272 
(r. alf^o E.\pt. 02). 

1 lie hydrazones and osazones are crystalline substances, which 
lia\e delinito melting points. They are therefore most useful for 
identifying the substances {e.g., sugars) from which they have been 
matio, man}' of which are difficult to purify and do not easily give 
exact an<l reproducible ph^’sical constants. 

It is not always easy to recover a ketone or aldehyde from its 
h\drazotic or osazone, and the semicarbazones (§ 313), which are 
ea.«sil3’ hs clrol^ serl to the original substance and semicarbazide, are 
now [>refcrrcd to the i)henylhydrazone3. The phenylhydrazine may 
bo removed from osazones by treatment with benzaldehj'de, as 
exemplitied in tho s^mthesis of glucose {§ 272). 


AROiMATIC CYANOGEN COMPOUNDS 

I he cy anide group -CN and tho tsocyanide group - NC can be 
substituted in the benzene ring. 

410, Phenyl Cyanide, Cyanobenzene, Benzonitrile, CeH.CN 

Cyanobenzeno can bo prepared by the Sandmeyer reaction from 
amlme. 

A solution of benzenediazonium chloride is prepared and added a 
httle at a time to a solution of potassium cuprocyanide, obtained by 

the reaction of copper sulphate solution with potassium cyanide 
solution (§ 399): ^ 

CgH^-Na-a -J- KCN = CjH^-CN + N, + KCl. 

The product is steam distiUed (§ 381), when the phenyl cyanide 
separates from the distillate as an oil. Some phenol is often formed 



PHENYL CYANIDE 

at the same time and must be separated by careful fractional dis- 
‘“’phetyl cyanido is a colourless oU with an almond-like odour. It 

’’'’KsIheScri properties closely resemble those of 
oitrUes (§ 144). Thus it can be 

caustic potash solution to potassium benzoate (§ 4o4) and ammo 

C.H^ CN -f KOH H- H,0 = CeH. CO OK +NHs. 

It can bo redacod to benzylarnine (§ 147): 

CgHs-CN -1-4H = CeHs-CHa-NHa. 

, . -j. /-t Tj .T*jp This resemblos the aliphatic 

a,,.,.. ..a 

When reduced it forint methjlanilino: 

CeHjNC + 4H = CeH^— NH— CH,. 

a, • «*«. r n N = C = S — This substance is 

al^^n^^:!"-- - - 
anilme (§ 382). 

SULPHUR AND PHOSPHORUS COMPOUNDS OF BENZENF 

Phenyl compounds analogous to those mentioned in § 153 are 

known. , , .. 

413. Tbiophenol. 

"'S” Drpbif SubWfe “''■‘Tul -■‘•-'‘“■''5 nf '-"<»• » i‘ 

roa'Uly oxi.li.sod to a «uipl.ono (ColIthSOj. 

415. Saccharin.-o-Anhydro.s,.l,,hamido.bonzoic acid, 

NH, may be mentioned hero. It is prepared by sulpho- 
naUng toluene to o- and p-toluonosulphonic acids, and converting 
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these into the respective toluenesnlphonyl chlorides. The p- 
compound crystallises, and the residual o-compound is converted by 
ammonia under pressure into the o-toluene-sulphonamide. By 
oxidising this with alkaline permanganate a salt of o-sulphamido« 
benzoic acid is obtained. By treatment wth mineral acid, the free 
acid is liberated and changes into its aniiydride, saccharin. 



7 »- nnd o- Toluene* o-Tolueno- o-Toluone- 

Milphonic acida. sulphonyl chloride. sulphonamide. 



Saccharin is a white crystaliino substance melting at 227*6* C. It 
is r)r»0 times as sweet as cane sugar. Saccharin is employed for 
.sweetening jiurpo.sc.s where cane sugar is contra-indicated, in cases of 
diabetes, undue corpulence, etc. 

It has acidic jjropertics, and its ammonium salt {sucramine). 



even sweeter than 


saccharin itself. 


• Phosphines, such os C«H6 -PHjv, arc known. They are 

inllnmnmblo licpiuls with a powerful nnd offensive phosphine-like odour. 

416a. Triphenyl Phosphate. (C^HjisPO*. is made by the action of 

phosphorus oxychloride on phenol 

aCoHft-OH 4 POCI3 = (CflH6)3ro* + aiici. 

It forms slightly deliquescent crystals. It is added to cellulose acetate to 
make it plastic and flexible like celluloid. Such mixtures are employed as 
"dope’ for aeroplane wings, cellnlose varnishes, non-inflaiiimablo film, etc. 
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ARSENIC COMPOUNDS OF BENZENE 
417 Phenylarsine Chlorides aro obtained by the action of aluminmm 

intense irritant action on the eyes, nose and tliroat. 


C-Hft-NHj-HgAaO* 


HaN 


< 



As^OH + IlgO 
\OH 


A reaction ana.ogooa to ti.o 




() llNOa 
Oil ^ Cl-N 
OH 


! 


>■'< 


o 

\oll 


I! 





o 

oil 

oil 


arsenobcnzcno. is salvar.an or arsphcnaminc. 

NOa 


NO 



UO^Ak 

ho/ 



^OH 

NHa 


2<m 


NH 


no 


\ 


^ = A.s< ^ ^ OH 


Salvaraan b.vn been larfioly replaced by nco-.a/car.an. vvhich U sodium 

BalvarBan-inotbyl-Bulphiuote 

/ \ 

^Art = 


no 



NllClIa-SOaNa 

►on 
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Sttlpharsphenamine is of similar constitution. 

419. Atoxyl and Tryparsamide are drugs found of much use in treating 
sleeping sickness and other protozoal diseases. Atoxyl is the sodium salt of 
p-aroinophenyl-arsonic acid, and trj'parsamide is the sodium salt of a derivative 
of this acid. 


ONa 


NH 



NH„COCHoNH 


< 


>As^O 


ONa 


\OH 


AtoxyL 


Trypardaniide. 


Atoxyl is rarely used owing to its cumulative poisonous action leading to 
blindness and kidney complications, but trjTDuivnmide is a valuable drug* 

420. Phenyl Derivatives of the Metals. — Phenylmagnesium 
bromide, CgHj-Mg'Br, can be made by methods analogous to those 
set out for methylmagnesium iodide (§ 162, Expt. 45). It is a useful 
synthetic reagent, and numerous phenyl compounds ma 5 ^ be prepared 
from it by the methods indicated in § 103. 

I’heuyl derivatives of antimony mercury, lead, tin, etc., are 
Tetraphenyl lead, Pb(C 8 H 4 ) 4 , serve as an example of 


QUESTIONS 

(I) I low n of liLnizonodiazonium chloride prepared? Discuss the 

ftirinulu of tilt' ilt<i/oniurn sails and of th*' diazotntcs. 

C.^) Mow can atulitu' ho coiivortod by incafis c»f tho diazo^rcaof ioas into (o) 
chloroh -rizoms (/») phrnyl cyanide, (c) phenol* (<t) benzene, (e) iodobenzeiio? 

(3) W hat is a d>>\ and with what typos of structure are dyeing properties 
pai ti'iilariy a -.•o^ialrd V I >r*srril^o the preparation of an U 20 *iJye. 

(4) N\*riio I lie f*ruiulje dm/.natninoheiizene* azobenzefie, nzoxybenzene* 
h\‘dia/,i'hf'n/rru\ iM n.Mdiiii*, and indicate briefly Ik»w tlu'y could bo prepared 

tiiiu' fnuu niti * iv\ 

(.^) i h *vv is pfi*Mi \ Ihydra/.ine prepare* 1? What are hydrazones and osazones? 
Il n (‘•'rnp-Mui*! fui nis a liy<ini'/nric* what group docs it contain? 
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TOLUENE AND THE ALKYLBENZENES 

421. Alkylbenzenes.— Any number of alkyl groups up to can 
be inserted in the benzene ring, and a very great number of hydro- 
carbons of this type can be prepared. Of these the methylbenzenes 
are the most important. They include: 

Monomethylbenzenes 

CH, 


Tobione* 



Dimethylbenzene3 

CHs 




CH 


•Xylonc. 



(Homiinellitono) 


CH, 
^^CH 


CHaVy 

CH, 

Durcne- 


m-Xylcno. 

Trimeihylbenzenes 

CH, 

^CH, 

k/ 

CH, 

{Peoudocuinene)* 


CH3 


CH, 

p-Xylo»o, 


CH, 



Moaitylono. 


Tetramethylbenzenes 

CH, 

/^CH, 


CH 


8 




CH 


8 



CH 


8 


Inodurono* 

423 


Prelinitoue. 
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PentGmeihylbenzene 

CH3 


Hexametkylbenzene 

CH 3 


CH 


CH, 


CH 


3 




CH, 

MoUitene. 

Among other alkvlbenzenes may be mentioned ethylbenzene 

CH, 

/^CH, CH, ^ 

and cymene, methyl-p-wopropylbenzcne, . which 

NX 

CHCCH,), 

is of interest owing to its relation to the terpencs (Chapter XXIX). 
Numerous less important compounds of this kind are also known. 

The alkylbenzciies are of particular interest as forming two senes 
of substitution products. A substituent group, c.g., chlorme or 
hydroxyl, be introduced into the benzene ring, producing 

compounds closely resembling the derivatives of benzene which have 
been studied in Chapters XXI to XXV. Alternatively, a substituent 
may be introduced into the alkyl group, or side chain, producing a 
derivative much more nearly resembling an aliphatic compound. 
Thus from toluene we can make two tj-pes of hydroxy- derivatives. 

The first, the cresols, 


CH, 

yx 


CH 




OH 


yX 




OH 


CH, 

yx 


OH 


very closely resemble phenol (§ 3.^4); the other derivative, benzyl 

iCH.jOH 


alcohol, 




, on the other hand, in its chemical behaviour 


much resembles methyl or ethyl alcohol {§ 4*.). 

Where it is necessiiry to indicate that a group is present in the 
sido-chain and not in the nucleus Greek letter.s are employed. The 
j)rerix c- indicates that the gi'oup is at the end of the side-chain. Thus 
(r'-chloroacetophenone is CcHs'CO'CHjCl and not Cl’CaHj'CO'CH,. 

422. Toluene. CgHs-CH,.— Toluene was originally made by the 
dry distillation of certain resins. It is now always prepared from 
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coal-tar. It is separated therefrom with the benzene (§ 337), and is 

nurified by fractional distillation. i r 

^^manufacture is of importance for the product.on of the 
toluidines, CH 3 -C,H.-NH, (required for the dye industry), and of 

betidtby the Friedel-Crafts reaction. Methyl chloride is 

caSed to react with benzene in presence of aluminium 

and the addition product formed m decomposed by water. Th 

Frfedel Crafts reacLn may bo employed to insert any alkyl or acjl 

group into tbo bcnzon© ring. 

CH 3 CI + CfiHe = CfiUs-CHa + HCl. 


CH, 


CH. 

HC CH + Cl, = HC 


\ 


CH, 


\ 


C-Cl 


HC CH + HCl 


or 


HC CH 
H 


HC CH 

Xc/ 

Cl 


HC CH 

Xq/ 

If toluene'^particularly when orMe rfonned! rvrh 

™^:ghf-n tf^her ehlorinited to henmi cAieride and 

htmoiricldorxd^ 




vy ^ 

Tul^no. 110, .zyl cLloriUo. Bonzal chloride. Bcnzotrichlor.do. 

. . , ^^.noroiallv important substances {§§ 443—445). 

Vf'trid r^i d” as with honzeno (§ 342) forming 

ortho’ rd para toTuencsulphonic acids. It does not attack the side 

rilm T^luenesulphonic acids arc used iu the manufacture of 

“'f mixture'of nitric acid and sulphuric acid nitrates toluene 
forming chieBy o- and p-nitrotoluono; 


CH, 


y\ 




CH.Cl i^^CHCl 





cci. 



SNOUOV^il - OTVia 
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REACTIONS OF TOLUENE 
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THE XYLENES 


CH 


CH 


NO, 


and 


NO 


The process of nitration is the same as that employed for mtro- 

kirnS-such as potassium permanganate, or better 
a solution of cl5onrium trio.ide in acetic acid, wbmh do not affect 
benzene appreciably, oxidise toluene to benzoic acid. 

CsH5-CH3+3O = CJI,C0Oa+H2a 

It is nossible however, to oxidise toluene to benzaldchyde by the 
nso of Tanganes: dioxide and sulphuric acid or by electrolytm 

oxidation under certain conditions: 

CfiHs CHa + 20 = CeHs-CHO + HaO. , . , , 

Toluene may bo reduced by hydrogen in presence of l.eated nickel 

to a methylhexamethylcne. hexabydrotoluene. 

CHCHa 

H,Ci^^CHa 


H,C 

H,C 


CH, 


CH, 

421 The Xylenes.— The three dimethylbenzcnes are known as 
ine Ayieues. x ^ coal-tar and, like 

ortho-, meta- and f ti,e Ikdit-oil fraction by 

S=r^9ri:.4atiiboutH0=^ 

xylene-Bulphonato fioin t sulpbonatcs by distillation 

S'i-irzi'.r £'—»,■ .. 

Siey kn al!o be made Hynthetically by the reaction of sodmm 
Jh ^ixtnrts of methyl iislide and the three bromo-tolncnes 

‘“cH •c'n’Br + 2Na + ICH. = CH^C.H.CH. + NaBt + Nal, 
The xylenL are aU colourless liquids resembling toluene. Their 

boiling points are: 
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o-Xylene ..... 144® C. 

m-Xylene . . . • . 139® C. 

j>-Xylene .... - 138-6® C. 

They find uses as solvents, but their chief importance is in the 
preparation of the amines, xylidine (CH 3 ) 2 GaH 3 -NHj (§ 441), much 
used for producing brilliant scarlet azo-dyes. o-XyJene is used in 
the preparation of Vitamin Bg. 

The xylenes form substitution products in much the same way as 
toluene. Nitro- and bromo-xylenes are prepared in a manner 
analogous to nitro- and bromo-toluene. 

They are oxidised by dduto nitric acid, chromic acid, etc., first 
to toluic acids then to the phthalic acids (§§ 468, 471): 

30 /Nm-OH 30 t^^COOH 




CH, (dil. HNO,) 




CH, KMnO* 


CO- OH 


g. Xylene. o-Toluic acid. o-Phtbalic acid* 

424* TrimethylbenzeneS) — Mesityleneissymmetricol 1:3:6- 

triniothylbonzone. Its synthesU from acetone is mentioned in §112* It 
rosorablod the xylenes in most particulars, us do its isornorides pseudocximane 
an<i hemiinoUitone. 


425. Hexamethylbenzene (Mclliteno), Ce{CH^)ef i® remarkably unreac- 
tivo. Having no hydrogen atom attached to the benzene ring it cannot be 
nitrated or eulphonatod. It can be oxidised to mellitic acid, Co(CO*OH)e (§ 473). 

425a. Ethylbenzene, CfiHs.CaHg, much resembles toluene. When 
oxidised it juclds benzoic acid. Ethyl benzene is prepared indus- 
trially in large quantities for use in the manufacture of stjTene which 
is uscfl for the preparation of sjTithetic rubber. 

Cymene, metbj*l-p-i.sopropylbenzene, CH 3 -C 6 H 4 -CH(CHs) 2 , is 
found in cucalj-ptus oil. It may be regarded as the parent substance 
of X\w monocyclic terpenea (Chapter XXIX). 


CHLORO- AND BROMO-TOLUENES 


The name chlorotoluene is applied to the three compounds 
formula}: 




CH, 

^CH, 

■^CH, 






Cl 

a 


'Fhe compound 


/X 




CHXl 



is not called chlorotoluene, but benzyl 
chloride {§ 443). 
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426. The Chlorotoluenes.— The chlorotoluencs ere made by the 
methods appUcable to the preparation of chlorobenzene (q. .) 

of toluene in presence of a 

iodine Ortho- and para-chlorotoluene are the chief products 
bomng points too close to allow of their separation by 

fractions.! distillation* 

CeHs-CH, + Cli = CCoH^-CH, + Ha. 

(2) The pure o-, m-, and p- compounds are best ^ 

rrr a^r • j:::n:=n ^ ^ 

solution of cuprous chloride in hydrochloric acid; 

CH.C.H.N.Cl = CH 3 C.U.CI + N,. 

The chlorotoluene is recovered from the reaction mixture by steam 

“ oTttermann process, employing copper powder in place of 

rhmo ehlorotol^^nes^are IKpiids much 
resembling bromobenzene. Their boiling poin 

, , . 159* C. 

o-Chlorotoluen© • • * 162* C 

fTi^Chlorotoluonc • • 16*^^ C 

p-Chlorotoluono • . ^ . 

CAemfcul Properiies.--Tbe chlo 

both the aliphatic haUdes and the benzyl ami 

form Grigna':.d udt«^ "‘jo'iflolf When 

o^LedTy^nttric acid or permanganates they form chlorobenzoic 
acids: 


CH, 


H- 30 = 


COOH 


+ H,0 


427 Bromotoluenes.-Tho br«,notoluono. aro in all ronpect. anaI«eous 

hy tbo a.tiun of pnta. 

Bium iodide on diu/.otU.-d tol.nd.no (cf. § JJ.». ^ TT 

TOLUENESULPHONIC acids, CIIg CaH, SO 3 II 

429 Tolaenesulphonic Acids.^-. m- and r-ToIucnesulphonic 
ac^can bTmade by sulphonating toluene exactly as described for 
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benzene (Expt. 76). The para-compound is formed in largest 
quantity. 

Their reactions closely resemble those of benzenesulphonic acid. 
When their potassium salts are fused with caustic potash the 
hydroxytoliienes or cresols are formed. o-Toluenesulphonic acid is 
an intermediate product in the manufacture of saccharin (§ 416). 

‘Chloratni7ie-T' is the name gix'en to sodium p-toluenesulphonchloroamido. 
It is obtained by the action of sodium hj-poohlorite on p-toluonesulphonomide. 



Like tht> true clilornmine, NHaOl, of which it is a derivative, it is a powerful 
oxiiiising ugoiit and disinfectant. It is used in the treatment of wounds, etc. 

THE CRESOLS 

430. Manufacture and Industrial Uses of the Cresols. — The three 
crosols are all found in coal-tar, and they are separated by the 


CH, 

CH3 

CH3 


/•X 


HC COH 

no CH 

HC CH 

II 

1 II 

1 II 

nr (MI 

HC COH 

HC CH 

- (./ 


VeX 

H 

H 

OH 



p-Crossol. 


process described iu § 3.‘»4. TIio chief importance of the cresols is 
their use ns disinfectant-^. The residue obtained by the above 
process, containing all three cresols ami some phenol, is brought into 
a form readily soluble in water. This may be done by heating it with 
resin and caustic soda, thus forming a solution of the sodium 
ih-rivatives of phenol and cresol together with resin-soap. On 
diiiiti<»n the sodium salts arc h\(lrolysed, forming a solution or a 
milky suspension of phenol and cresols, which are powerful dis- 
infectants. 

431. Preparation of the Pure Cresols. — The chief source of the 
cresols in the laboratory is toluidine (§§ 438-440). 



CRESOLS 


431 


Tam m :;"ea orthTdistUlate no longe. becon>es Coudy 

■when saturated with salt- 100 c c of distillate and shake 

Dissolve 25 g of ^It - layer: dry over 

Tafl" cbWetnd f f," ^ oTr 

rhf;:rt:rc‘~ ““ "■ 

liquid shwld Cresois — Tbe'^cresols are oily liquids or 

432. Properties of the Cre . . . They are poisonous. 


o-Creeol 

w-Cresol 

p-Cresol 



B.P. 


lore. 

203" C. 
202*" C 


. 1 1.11 the characteristic properties of tlto 

The cresols In^-e alno^ti^^^ ,vith alkalis, r.,.. CH.C.U.Oie 

Sr^eirtbey,a^-ry-a^.y^"^ 

yellow.'’ J, oxidised than most toluene 

converts them into hydroxybcn/.oic acids. 

y^r 

CHa 

0OH 


30 



c-Crottol. 


0 -Hydroxy beiixoic acid. 



432 


TOLUENE AND THE ALKYLBENZENES 


433. Thymol, 


CH3 

h 

HC CH 
ni u-oH 
c 


CH 




CH 


is 3.hydrosv-l-methyl-4-t«opropyl-benzene. It is found with 

oil of\hymo. from which it is extracted by shokmg with 

the aqueous solution. It has au odour of thyme. It is a powerful 

is u.ied in mouth-washes, etc. lU smaU solubility is n disadvantage. In ita 

chemical properties it resembles the cresob. 

434. Eugenol. — l.Allyl-3-m6thoxy-4-hydroxybenzone 

CHe-CH - CHj 


OCHj 


OH 


is the active nrinciplo of oil of cloves. It has strong antiseptic properties. 

tlueeiiol can bo converted by oxidation into t>ani//tn, the flavour mg matterof 


vanilla. 


CHa-CH^CHa CH=CHCH8 


CHO 


NnOII 


OC'ria 


OCHs 


OCH 


OH 

Eugfiu)!. 


OH 

isoEugenol. 


OH 

Vanillin. 


NITROTOLUENES 


Dilute nitric acid attacks the methyl group in toluene and oxidises 
it to benzoic acid (§ A mixture of nitric and sulphuric acid, 

however, converts it into nitrotoluenes. o- and p-Nitrotoluene are 
Orst formed by direct nitration, but 7n-nitrotoluene has to bo pre- 
pared indirectly. Further nitration gives di- and tri-nitrotoluenes. 

CH, CH, 


435. o- and p-Nitrotoluene. 


NO 


and 


, are made in 


NO, 
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etactlv the same way as nitrobenzene (§ 30S, Expt. ^9). The two 

[bT 22» C ) whurthe high^er-boiling fraction on cooling .iepos.ts 
l^Lls of pitrotolneno rvbfeb is ->;< 

is hydrolysed (cf. Expt. 88), so obtaimng the compound 


CH, 




This is diazotised and heated with alcohol, when the 


NO 


NH, 

NH. group is replaced by bydroge^^^^^^ 

points are: 


o-Nitrotoluene . 
m*Nitrotolueno 
p-Nitrotoluene 


M P. 

4 O 


lOl'* 

610“ 


B.P. 

222 ° 

230-231** 

238® 


They are readily reduced by means of tin and bydroobloric acid 
to the aminotoliienes or toluidines. 

CH,C,H4N0, + 6H = CHaCgHiNHa + SIIjO 

and this is their (NOa)*. are also of importance 

„r,riSS‘S:rb;S£S'-". -iM- i- '‘.■. 

a most important explosi toluene into a wcU-stirred mixture 

general. It is ^n^ning some SO.. Tbe pro.luct 

of nitno acid and sulpb wasbtd with sodium sulpbite 

LrouTbirdiUlt^^^^^^ isomerides and leaves pure sym- 

t-s"™ -i w P-S-. “ ~ r-K 

Sr™ 3 ■“ '»"■ 

blasting purposes under the name of anuUol. 



434 


TOLUENE AND THE ALKYLBENZENES 


THE TOLUIDINES 

The three aminotoluenes, CHs-CgH^-NHa, are known m the 
toluidines. o- and ^).Toluidine are of great importance in the dye 

industry. 

CH, 

HC C-NHa 

438. o-Toluidine, |1 | , is prepared by reducing o-mtro- 

HC CH 

\<y^ 

H 

toluene (§ 435 ) by precisely the same method as is used for making 

aniline from nitrobenzene (§ 381, Expt. 85). 

It is a colourless oUy liquid, slightly heavier than water and nearly 

insoluble in it. It boils at 199*7® C. 

Its reactions are similar to those of aniline. Thus it forms ^Its, 
and can be diazotised by the methods of Expte. 99, 91. The resultii^ 
solution of o-toluencdiazonium chloride yields azo-dyes, and from it 
most of the ©-derivatives of toluene can be prepared. The student 
may with advantage work out the methods by which toluene, 
o-crcaol, o-bromotolueue, o-cyanotoluene, o-tolylhydrazine could be 

prepared from it. . - . i . j - 1 

Just as aniline forms anilides, so o-toluidine forms o-toluidides. 

Thus acet-o-toluidide can bo mode by treating o-toluidine with 

acetyl chloride or acetic anhydride: 


CH 


NH 


4- CI CO CH 3 = 


CHb 

NHCO-CHa + HQ 


CH 


439. wt-Toluidine, 


Nil 


is of much less use than the other 


ti)Iui»linca in the flye in<hi.stry on nrcount of tho difficulty of preparing 
ffi-uitrotoluene (§ -i^H) from which it is inudo. 

CH, 


440. p-Toluidine, 


, is prepared by reelucing p-nitrotoluene 


NH, 
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by the same methods as are used for the mau.rfaeture and preparation 

“'"dine forms Write crystais Wth ^ Pe-dar c^om. reeamr^ 

bo?h anUine and mice. U i^-,uble in 

200 4® C , and can be di&tiUea in steau . 

vrater, but is soluble in most .esemblo those of 

It TrLCCwth a^ir mtmdiing the salts of anihne. 
be diaaotised (§ 395) and from “tTatlvcs 

rdt fCrr Xrt^nit inemde many 

‘’^rh^^tn"ui<S.e and uses in preparing the important tri- 
phenylmethano dyes (Chaiiter XXV 111). 

. 1 f H luitl rotiufinu tlio 

441. XyUdines.— liy 

nitroxylonow ho pro<luco<I, tli»' x> >' Cominorciul xyli«lii»t' ci’iitains 

are eight poa-sible irtoinorid^H wi jj;,,.^,ll,y|.4.nininohoo/fiJf ('"-t-xyluJine): 

Qvoofthobo. the chief ono being I : « 

Clt., 



. ..f M.f. rt/o-tlve xvhthno .Hcarlot. Iimth' 

They are ompluyoa in the eLnbininy it with a-imphthol.:* : G- 

by dittzotiHing coinjnorcuil xyimnio u 
diaulphonic ueid: 

OH _L.' •' 



_N = N— 



CH 


SO.II 


the benzyl compounds 

. ^ 4« thA Side-chain.— When substituent groups 

442. Subsbtutjon m the toluene, a set of 

enter resembles the aliphatic emnpounds 

“.TZr. u™ ; .t •'» 

different m Tbo sources of all these compounds 

lre'tho“pr^ucta obtained by chlorinating boiling toluene tn a good 
light, without a halogen-carruir being present. 
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The result of this process is the successive formation of the 
three substances, benzyl chloride, CgHs CHaCl, benzal chloride, 
C^Hj CHCla. and benzotrichloride, CgHg-CCl,. 


ii TO WINDOW 



443. Benzyl chloride. 


CHoa 


0 


HC 


V 


CH 



, is obtained both in the 


H 

liiboratory and on the commercial scale by passing chlorine into 
Imiling toluene, 

-f Cl, = CeHg-CHjCl + HQ, 
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benzyl chloride 

until it has iBcreased in weight by the theoretical amount as indicated 

,,the^e^pn^ ^ 

Xrary.^Brnot at£pt -XeC'^^wX, td^ 

ik tn -"rr. 

and place m it 50 g- o . until the toluene 

steady stream of bitach^ powder may need 

has gained m weight by 20 g. uecL-^arv increase of 

replenishing rnore than on^.^ dilute sodium 

drTover i^lcium chloride and distil, Ben.yi chloride 

of «« ” ““ 

benzyl alcohol (q'.v.). . r.i^innrles3 liauid, the vapour of 

.s2t;;r.r.s - ‘‘ ““ “ 

shorter time; 

CHaCl OH,Uii 



+ HOH = 



+ HCl. 


“--rotSXSJu "XcK,-»K.S S...C.. 

~^ CHtCl + Cu + ClCHa< ^ ^ 



■ \CU 2—^11 ) > 


= CuCl,H- 

The action of chlorine converts it " eo^'mercially into 

C.Hi-CHjCl + O = C.Hj'CHO + HCl. 
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444. Benzal chloride, CgHs CHClg, is made by chlorinating boiling 
toluene in sunlight until the theoretical increase of weight has 
occurred. 

It is a colourless liquid, insoluble in water. It boils at 206® C. 

When hydrolysed it behaves like ethylidene chloride, CHj'CHClg, 
{§ 60) and gives an aldehyde. Benzaldehyde is prepared com- 
mercially by heating it with milk of lime. 

The r#*action probably takes place in two stages as below: 

CeHg-CHCla + Ca(OH)j, = CeHfi-CH{OH)a + CaClj 
/OH 

= CeHgCHO + H,0. 

^OH 

It is also used in preparing cinnamic acid (/9-phenylacrylic acid), 
for which purpose it is heated with dry sodium acetate: 

CsH^ CHCla -h HaC CO-ONa = CeHs CH = CH CO OH + 2NaCl 

+ HgC-CO ONa -h CHa'CO OH. 

445. Beozotrichloride, CcHs'CCla, is made by carrying on the 
clilorination of boiling toluene in sunlight until no further increase in 
weight occurs. 

Beiizotricliloride is a colourless liquid which boils at 213® C. 

In its chemical properties it shows analogies to chloroform, 
H-CC 13 , but is much more reactive. Thus it gives benzoic acid on 
hydrolysi.s, just as chloroform gives formic acid. The reaction is 
brought about by heating it \vith water to 150® C. or with alkalis to a 
lower temperature: 

CeHe-CCla + 3HOH = + 3HCI 

OH 

CelUC^O 11 = CeHs-CO-OH + HaO. 

Benzoic acid is commercially prepared (§ 454) by this reaction. 

446. Benzyl alcohol, CcHs’CHa OH, can be made by boiling benzyl 
chloride under relhix with dilute potassium carbonate solution: 

Cells CILCl + HjO = CsHs-CH/OH + HCI. 

The most convenient method is the action of concentrated caustic 
potash on benzaldehyde (Cannizzaro’s reaction). One molecule of 
benzaldehyde is oxidised to benzoic acid and the other reduced to 
benzyl alcohol: 

Cfilis-CHO + KOir = CgHs-COOK 

CoHjCHO CeHgCHjOH. 

Expi. 99 . — Preparation of Benzyl Alcohol . — Place 20 g. of 



benzyl alcohol -^39 

benzaldehytle in a smaU stoppered bottle and add a solution of 
^8 g Rustic potash in 12 c.c. of water, f 

emLion U formed which does not settle out and a 

day Shake the mass ^yith the least quantity of water « Inch « 
llisolvrthe potas,sium bea^oate. and extract the bqu.d w.th 

ether DLstil off the ether on the w ater-bath and then 

the benzyl alcohol (b.p. 204° C.). having replaced the watci- 

BerylXboI co‘::“qnld with a faint pleasant odour 

to tho. or ethyi 

iliHiailii 

benzyl chloride; 

CeH.CH^OH + HCl = C.Hs-CHaCl + H,0. 

oxidises it to benzoic acid: 


O 


CILOH 






4- H,0 


lienzi>ic Koi<l- 


Very energetic rerluction (pho.spborua and hydriodic aci.l) wall 

convert it uavantage compare the reactions of tl.o 

respectively. 


447. Benzylamine, 



CHa-NH, 


made by tb<-' action of 


ammonia 


on benzyl chloride : 
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CeHs-CHs-a + NH, = CgHB-CHjNHj-Ha. 

or by reducing benzaldehyde phenylhydrazone: 

CeH^— CH = N— NH-C5 Hs+ 4H = CeHsCHaNHs + HjNC.Hs- 

It is a liquid with an ammoniacal odour. It boils at 183® C. In 
its chemical properties it resembles an aliphatic a min e. It is strongly 
alkaline and forms stable salts. With nitrous acid it gives benzyl 
alcohol, water and nitrogen, 

C,H,-CHaNHs + HNOa = CaH,-CH,OH + N, + H,0, 


and not a diazonium salt. 

H 

448. Adrenalin, IIO< ^ CHjOHj CHafNH CH,, may be con- 

sidered here. It ie a substance of great physiological activity, secreted by the 
medulla of the suprarenal glands possessed by all vertebrates, A^enalin has a 
most powerful voso-conatrictor action, and by causing the capillaries to contract 
efTectivoly stops bleeding. It is administered hypodermically with cocaine (or 
other local anoisthetic) in minor dental operations. By its constriction of the 
capillaries it hinders the removal of the local aniesthetic by the blood stream, 
and also prevents bleeding. It is also useful in combating shock, as it causes a 
rise in blood pressure. 

Ailronalin, os will bo seen from its formula, is a phenol with secondary 
alcoholic and amino^groiips in the side chain. 

449* Other Physiologically Active Amines. — p-Hydrox>T)henyiethyb 

amine, HO'Ceil^ Clls-CHo-NHg, is found in the drug ergot, derived from a 
fungus growing on ryo. The dimethyl derivative of this substance is known as 
hordeninef and is found in barley. , 

It setuns that all the p-hydroxjT>henylalkylaminos are physiologically 
active. 

Kphedrinc, a base obtained from the Chinose plant Epfudra stntco, has the 
fonnula CrtH5-CH{OH)-CH{NH-CH3)CH3. It hoe somewhat similar pro- 
perties to atlreualin and has boon us^ in the treatment of astl^a. 

Tlio.*^o substances aro often classified as alkaloids (Chapter XX.XI 1 ), but the 
term is best confined to heterocyclic compounds. 


AROMATIC ALDEHYDES 

450. Benzaldehyde, CeHs CHO. — Benzaldehyde occurs in bitter 
almonds, peach kernels, etc., as a glucoside amygdalin, complete 
hydrolysis of which yields two molecules of glucose, one of hydro- 
cyanic acid and one of benzaldehyde. The structure and decom- 
position of this substance have already been discussed in § 273 (g.v.). 

It may be prepared from bitter almonds or peach kernels by 
grinding them, squeezing out the fatty oil and mixing the meal with 
water. After twenty-four hours the mixture is steam-distilled. 
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when benzaldehyde passes over. Some HCN also comes over and 

mav be removed by distillation. , , i j • i 

■Ais method is now but Uttle used and benzaldehyde is always 

made commerciaUy from toluene. Three processes are m com- 

mercia^use^ is chlorinated to benzyl chloride (§ «3), 

and this is at once hydrolysed and ozidised by boding it with lead 

nitrate solution: 

C.H.CH^Cl + Pb(NO,), = C.H.CHO + 2NO, + Pba(OH). 

(2) Toluene is chlorinated to benzal chloride (§ 444), which is 
boiled with milk of lime: 

C.H^CHa, + Ca(OH), = C.HjCHO + H,0 + CaCl,. 

These processes furnish henzaldchyde 
compounds which are objectionable for some purposes. The foUow 

diSdl or other higher metaUic oxides (or elcctrolyt.cally oxidised). 

CcHfiCHs + 20 = CeH^-CHO + H,0. 

Benzaldehyde may also be made by the usual methods applicable 

to the preparation of aldehydes, t.g., 

(4) Oxidation of benzyl alcohol by dilute mtnc acid. 

CbHjCHjOH + O = Cello-CHO + H^O. 

(5) Heating a mixture of calcium formate and benzoate: 


Ca 


OCOC.H, 

4- HCOO 

OCOCeH» 

H CO O 



= 2CaCOa 4- 2C»H6-CH0. 


,6) The action of cb^myJ^.dorWe Cr^r^ an 

additive compound. Ceili— 2 ;*. 

water yields ^ colourless liquid which becomes 

/>ropertie..-Benzaldebyde of almonds and is not 

roisorot.“t ”t 179-180“ C. It is slightly heavier than water, 
in which it is almost imoluble. reactions of an aliphatic 

a.d!-i1;r Sve^; — :“dt:irbenzoic aeidi 

CeH^CHO + O = C.Hs-COOH. 

The oxidation is brought about by atmosplioric air and takes place 
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BENZYL AND RELATED COAIPOUNDS 


CHj 





1*1 '.»/• »1tH hlc 


*ii Av k1 




ixrtzov I Chloride 

I' 

CO X 

y . 

/ \ 


IVh.f hr 


Ik'ti/*') 1 C\>mp<umd$ 
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in two stages. A peroxide is first formed and then oxidises more of 
the aldehyde: 

CsHs-CHO + O, = CeHs-CO O OH 

CeHjCOOOH + CeH^CHO = 2CeH,COOH. 

Thus the aldehyde, if kept in a bottle with an iU-htting stopper soon 
deposits crystals of benzoic acid together rvith some of the peroxide. 

It reduces ammoniacal silver nitrate. , , , , 

Reducing agents convert it into benzyl alcohol: 

CeHs-CHO -h 2H = CeHj CHs-OH. 

It forms compounds with sodium bisulphite, hydroxyla^ne and 
phen^ydrazfne analogous to those formed by acetaldehyde 

‘^Zike other aldehydes it reacts with phosphorus pentaehloride. 
Bcq 2^1 chioricld is formed* 

CeHs-CHO + PClft = CgHs-CHCla + POCla- 

The chief differences between benzaldchyde and, say, acetalde- 
hyde arc to be found in its reactions with ammonia, with potassium 

“"B“eh;rrfnorfo^ an aldehyde-anunonia (§ 70,. but 

cyanide it hirms 

(§481): 

CbHj CHO + OHC-CeH^ = C«H,— CH(OH)— CO— C^Hj. 

^ 2C H -CHO + KOI! = CeHfi COOK + C.Us CHaOII- 

BcnzaMcl^de — ^ ^ thrS^nF^^Sn 
Sr the formation of un- 

saturated acids by Perkin's synthesis (§ 

s=“wr ““ 

acetone and caustic soda it yields indigo (a. § 60 J). 

100 .-«e<wnes. o/ Be.^y.U.-W Sl.sko with poUu«,um 

pormanKatu»t<> 8olutU>n: note oxM of ^Hmothylftnilino and a 

Ht’t?’ “ h;,tu.”V.r„?:"-'N^^ C, oration duo to inalachito 

greon (§ 485). 
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(3) Warm with phosphorus pentachloride. Vigorous ©volution of HCl 
Shake product with excess of water. Benzal chloride remains. 


451. Salicylaldehyde, o-Hydroxybenzaldehyde, 


CHO 




OH 

— Salicylalde^ 


hyde is contained in oil of meadowsweet, Spircca U I maria. It and other hydroxy ♦ 
aldehydes are made by the Reiiner*Tiemann reaction. On© part of phenol and 
two parts of caustic soda arc dissolved in four or five parte of water. The 
solution is heated to 50-60® C. in a flask fitted with a reflux condenser, and two 
porta of clJoroform are slowly added with good shaking. After half an hoar's 
boiling the excess of chloroform is distilled off. The liquid is acidified and steam- 
distilled. The p-hydroxybonzaldehyde formed at the same time is not volatile 
in steam and remains behind. The distillate contains phenol and salicyl- 
aldehyde. The latter is converted into its bisulphite compound, which ia 
decomposed by sodium carbonate: 

+ CHCI 3 + 4NaOH Cen 4 (ONa)CHO + 3NoCl + SHgO. 


Salicy laldehydo is a colourless liquid with a pleasant odour. It boils at 1 96*5® C. 
It is both a phenol and on aldehyde, and has tho properties of both classes. Its 
oxime is used as a means of testing for acetone. If a liquid containing acetone 
is mixed with a drop of caustic potash solution and 8-10 drops of an alcoholic 
solution of salicylaldoxime and warmed to 70® C., a purple or carmine colour 
appears and gradually deepens. Its oxime ia used in the estimation of copper. 


AROMATIC KETONES 

Numerous aromatic ketones are knowTi. These may be entirely 
aromatic like benzophenone, Cfills'CO CaH,, considered in § 477, or 
aromatic and aliphatic like acetophenone, C^Hj-CO’CH,, discussed 
below. 

452. Acetophenone, Phenyl Methyl Ketone, CgHj^-CO CH 3 . — 

Acetophenone can be ma<Io by distilling a mixture of calcium 
ncetate and benzoate (cf. §§ 109, 113). It is usually made by the 
Fricdol-C'rafls reaction. Benzene and acetyl chloride in solution in 
carbon disulphide arc boiled with anhydrous aluminium chloride, 

Celle + CICO-CH 3 = CeHe-COCHs + HQ. 

{ho product being decomposed by water. 

Acetophenone is a solid which melts at 20-5* C. and boils at 202® C. 
It has an odour resembling that of almonds. It is a h^T^notic, small 
do.sca inducing a natural type of sleep: it is used for this purpose 
under tho name oi hypnone. 

Actdopbi non-^ has ninny of tlio usual properties of a ketone, but 
iloes nut fouii .1 l.isnlphite compouml. 
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QUESTIONS 

“°(2;°Ho>ra7e foSTfcrent compounds of tho formula C,H,C1 prepared from 
‘“',THo"l-riuen“rbo 'wbaf effecf bare ,u, nitric 

'^"(TrTolriTrwSnt mailer C:"cYu.dTt 'Ce converted into ebromo. 

i:: 

bL“de madoT^ Uo“w doca it roaemb.e and differ from 

acotalclehyciet 
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AROMATIC ACIDS 

453. Characteristics of Aromatic Acids. — The chief aromatic 
acids are those which have the carboxyl groups — CO-OH attached 
directly to the nucleus. The most important of these are: 


COOH 

COOH 


n ■ 

^^OH 

^^COOH 



k^COOH 

Hc-nzoic acid* 

Salicylic acid. 

o.phtbalic acid. 


The aromatic acids differ from the alijihatic in only a few parti- 
culars other than the differences which e.xist between all classes of 
aliphatic and aromatic compounds. 

(.'hief of these is their comparatively easy detachment of the 
— CO OH group. Tims benzoic acid gives benzene when heated with 
lime, 

C^Ha-CO OH -f CaO = + CaCOg. 

and gallic acid forms pyrogallol when merely heated, 

CflHslOHla-COOH = C^HalOHla + CO^. 

Analogou.s behaviour is uncommon among monobasic aliphatic acids. 

454. Benzoic Acid, CcH^-CO OH. — Prcparatio7i. — (1) Benzoic 
acid i.s found in gum benzoin and some other balsams and resins. It 
can be prepared from the gum by sublimation. 

Benzoic acid i.s now almost exclusively manufactured from 
toluene. 

(2) 'rhe toluene is converteti into benzotrichloride (§ 445) and this 
is boiled with milk of lime or with water under pressure; 

2C’^14-CCl3 + 4Ca(OH)3 = (CeHsCO-Ol^Ca + SCaCla -f 4HaO. 

'I’hc calcium benzoate is decomposed by a dilute mineral acid. 

(3) Benzoic acid can be made by boiling beiizonitrile, phenyl 

evanicie, with dihite acid: 

^ * 

Cfills-CN + 2H2O = CeHs-CO 0-NH*. 

(4) Hippuric acid, benzo3*lglycocoll, is found in the urine of 

440 
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herbivorous animals. When boUed with hydrochloric acid it forms 
benzoic acid and glycocoU: 

CeH^ CO- NH-CH^ CO-OH = C^H^-CO OH + NHa CH/CO OH. 

+ HOH 

Properties -Benzoic acid crysUUises from water in white leaflets, 
and cfn be sublimed, when it forms flne snow-like needles It has a 
somewhat pleasant incense-liko odour; m 

3 "e:srr; ho^srft it • " . cdd 

^ter ( 0-3 per cent) but moderately soluble in boihng water ( 0-9 per 

“tnzoic a^ .fo™. ^-ble^b^.o^;;^^^b^«^ 

rirthy^bentSte (“p. 211 - 8 ” C.), winch can bo prepared by the usual 

chloride, is formed; 

C.H.-CO-OH + rci. = C„IU-C 0 -C 1 + POCI 3 + HCl. 

Benzoic acid can be chlorinatcl and nitrated. The meta-co.u- 
pound is usually obtained (cf § 347). ^ ^^0 

The r:'ci:raml o-aminohonzoic acid or 

o-hydroxybcnzoic aciu or »ui ^ below. 

anthranilic a<ud. '1 heso “.''® ' j medicine. Wl’ien administered 

The chief uses of benzo.c ‘ in the urine 

rppu‘::ic “a“^'h IVuri:;;:" on. Thi; tends to stimulate and 

"tr i:tr 

vL::i^.‘ Tli -nJiins somo'bcnzoic acid which tends to dismfect and 
“*‘l” hL^leen X^oy^d a'rpreservTtive for foodstuffs, but its use is 

not to be commende^. n^nr^ne Acvl —(1) Heat in a test- 

F^Tii 101 — lieacltons of lienunc /tcui ; 

-Xr X;:.t. mnammable 

' TsTaX HCl 1 - -<"^“1 <^-1 
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dilute with water. Benzoyl chloride comes out as an oil of very 
irritating odour, and slowly redissolves on boiling. 

(4) Add ammonia to ferric chloride solution until it is red, but 
no actual ppt. is formed. Add this solution to a solution of benzoic 
acid just neutralised with sodium hydroxide. Flesh-coloured 
ppt. of basic ferric benzoate. 


BENZOYL COMPOUNDS 


Just as acetyl compounds, CH^^CO-B {§ 84), are derived from 
acetic acid, CHj'CO'OH, so benzoyl compounds, C^Hj-CO-R, are 
derived from benzoic acid, CgH^-CO-OH. 


455. Benzoyl Chloride, 






coa 


. — Benzoyl chloride is made by 


heating benzoic acid with a slight excess of phosphorus penta- 
chloride, or, better, thionyl chloride. 


CgHjCOOH + SOCla = c^H^coa + SO, + Ha. 

The product is distilled: benzoyl chloride comes over at 197® C. 

Physical Properties . — Benzoyl chloride is a colourless liquid with a 
pungent odour which irritates the eyes. It boUs at 197*2® C. It is 
heavier than water. 

Benzoyl chloride is insoluble in water, but reacts with it. 

Chemical Properties . — Benzoyl chloride closely resembles acetyl 
chloride in ite chemical reactions (v. § 85). It reacts slowly with 
cold water, but rapidly with hot, forming benzoic and hydrochloric 
acids: 


CeHg CO-a 4- H,0 = CeHj CO OH -f HO. 

With ammonia it forms benzamide (g.v.). 

CeHs-COa + NH, = C,H.CO-NH, + Ha. 

Like acetyl chloride, it reacts with compounds containing hydroxyl, 
amino- or imino-groups, and forms benzoyl compounds. Thus with 
ethyl alcohol it gives ethyl benzoate: 

C,HjOH + a CO-C.Hs = C,H, 0-C0*C,H, -f HO. 

With glycocoU it gives hipptiric acid: 

CoH5COa+ H,N-CH,COOH = C,H,*CONH*CH,COOH+Ha. 

Its action on the hydroxyl and amino-groups makes it a useful 
means of testing for their presence. Thus benzyl alcohol would give a 
iionzrnl derivative (benzyl beiizoato): 



BENZOIC anhydride 


449 


CH-OH CICO 


+ 




CH,0 
/\ 




CO 




+ HCl, 


thus proving that it contains a hydroxyl group, while the isomeric 
l^ile C?H.0CH3, would not give any benxoyl compound. 
Benzoic -■■hydride, (C,H CO^O in^he 

drfr- J uT: mr^hT- 

“cac?rNa.O.CO.C3H3 = C.H.COOCOC.H^ + NaO, 

but is best made by refluxin^a "‘3,3"re°remo"ed 

X-Sde is dried and distilled, when it passes over at 360 C 
dC.H.COONa + POCl, = 2(0.113-00)30 + NaPO. + 3NaCl. 

whTSt a?42“ at'! h^Orwhich b^ls at SiO™ C.'u ri iSuble 

Sr; 

but on boiling ^vith waU^r it gives benzoic acid. 

C,H, - H ^CeU.^CO OH 

CeHj - CO^ on Callft CO OH. 

avaiJr. those of acetic anhydride (§ 86). It 
Its other reactions i„ l^ydroxy- and amino-compounds. 

substitutes benzoyl, ^ ^^tion of 

ammonia on benzoyl cldorido. 

water, melting at 130“ C. and ^ Ha CO NH CH.;CO OH, 

457. Hippuric Acid. Be-oytelycocolh C.H.CO^^^ 

is found in the “"ne of ^ eows but is com- 

It can be prepared fron „nhvdrido with glycocoU: 

monly made by ‘'‘‘^O.Oll i 2C.H, CO-NU CH, CO OH 

(CeHj CO)jO + 2NH, CH2C0 un o > +11*0 

. - * iu7.^- C and is soluble in water. It is easily 

It is a BoUd melting at 1 ^ amino-acetic acid (glycocoli): 

hydrolysed to benzoic r« ir .rn-OH 

C,H5 C0 NH CH, C0-011+ HO H - • s' jjh, CH*CO OH. 
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457a. Aminobenzoic Acids. — o-Aminobenzoic acid ia known as 
anthranilic acid. It is prepared from phtbalimide (§ 470) and used 
in the synthesis of indigo (§ 563). Ethjd ;j-aminobenzoate is used 
as a local anaesthetic, henzocaine. 

458. The Toluic Acids, CHa CeHvCO oh, are obtained by gently oxi* 
dising the tlireo xylenes ( § 4231. They closely resemble benzoic acid. 


HYDROXY-BENZOIC ACIDS 


459. Salicyhc Acid, o-Hydroxybenzoic Acid, 


/\ 


COOH 


. — Three 




hydroxybenzoic acids are known, but only the ortho-compound, 
salicylic acid, is of importance. 

It is used in medicine, in the manufacture of aspirin and in the 
dye industry. 

Occurrence, and Preparation . — Salicylaldehyde (§ 451) and methyl 
salicylate (§ 400) are found in certain plants. 

Salicylic acid is prepared industrially by the reaction of carbon 
dioxide with sodium phenoxide (Kolbe’s reaction). 

Pure phenol is treated with caustic soda solution and the resulting 
phenoxide evaporate<l to dryness. The dry powder is heated to 
1:20 — 140® C. in an atmosphere of carbon dioxide at 100 Ib./sq. in. 
pre.ssure, as long as any gas is absorbed. 




ONa + CO 


s^COOH 


The sodium salt is acidified and the sparingly soluble salicylic 
aci(.l separates. It may bo purified by recrystallisation from hot 
water or alcohol. 

Salicylic acid can be made by the Reimer-Tiemann process using 
phenol, carbon tetrachloride, and alcoholic potash: 

HO 

llO-R-fCK \ 

ll')-K -i- Cl^C- Cl -}- H CeliiOH = C-C0H4OH + 4KCI 

IlO-K + Cl/ 

+ KOH O +2H2O. 


p-lTydroxybenzoic acid is formed at the same time. 

Properties . — Salicylic acid forms white needle-shaped crystals 
wliich melt at 15G'7® C. When slowly heated it sublimes, but when 
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quicUy heated decomposes (v. infra). It is somewhat poisonous 

but finds numerous uses in medicine. Its alcoholic 

applied to warts, corns, etc., as it has a dismtegrating effect on the 

hardened skin. InternaUy, it is M as^nffta (c u T 

useful in rheumatic conditions. Acetylsahcyhc acid, aspirin (?.u.), 

has similar effects to salicylic acid, but is much less poisonous. 

SaUcyUc acid can be used as a preservative since it has ^ sttong 

antiseptic action. It should not bo used as a ^t 

Chemical Pmperties.-SaUcylic acid f then 

about 195— 220° C. it forms first salol, phenyl sahcrjlaU, and th 

xanthoTie. 


OH h;ooc 




f- 

cotoH h;o 








OH 


CO O 


+ H O^-CO 


Sjlic>IIc niol ) 


I'hciiyl Salicyl-uc 






H 


: + 


CO ;oH; 


..•.i 


H:0 OC 


MO 






O- 


-CO- 


+ .O't COj 




Salicylic Acid (2 mob) 


XanUionc 


When rapidly heated it is converted into phenol and carbon 
dioxide: 

HO-CeH.COOH = UO-C^Hs + CO,. 

A* a o TiKfAfiol itn iiroiDutio o-cici. 

SalicyUc acid has the colour with ferric chloride and 

Thus, Uke phenol, it gives t azo-dyes with diazouium 

forms an acetyl compound. It also lorms j 

salts and this is its chief “Viloro-. broino- and nitro- 

It rea<iily undergoes su js forms stable salts and esters 

saUcyUc acids. Reacting as ur. acid it lorms 

'"““aficyUctri^n b^'i'dueed to pimelic acid (| 204, if sodium and 
bo^g amyl alcohol are used as redueing agent. 

460. Methyl Sahcylate. cii , () ^ procuLch^. it u pro,mrod 

aa oil of wintorgroen. i» foan J m i witli sulpluiric oirul and aopurating 

by boiling Httlioyiic at-id "V jJ, i , 

thooator by shaking with diln “ ' ,inplc.-tt.Hant odotir. It boiU at 

It is a colourless liquid witii usual propertio.s of ostors 92). 

222-2^0. It is used in inofiicuio. Ithosthousua , i 
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461. Phenyl Salicylate, Salol, HO CoHi-CO O CeHe.— Salolcanbemade 

by heating salicylic acid alone (o. supra), but is better prepared by heating a 
mixture of sodium salicylate and phenoxide with carbonyl (or phosphoryl) 
chloride: 

HOC6H4COO-Na HOCftH^CO 

-|- + COCI 2 “ 

CaHjONa C4H5 

It forms white crystals melting at 43 “ C. It is used as an intestinal antiseptic. 
It passes through the stomach unchanged but breaks up into phenol and 
salicylic acid when it meets the secretion of the pancreas in the duodenum. 

462. AcetylssQicylic Acid, Aspirin, CHa CO O C 6 H 4 CO OH. — Aspirinis 

madu by treating salicylic acid with acotyl cldoride: 

CH5 CO CI + HO C0H4 CO OH « CH3 CO O CeH4 CO OH + HO. 

It is a wliite solid, sparingly soluble in water. It is of great value in acute 
rheumatic conditions. It finds an ononnous sale as an analgesic, relieving, but 
not curing, neuralgia, toothache, headaches, etc. In large doses it is poisonous. 

463. Protocatechuic Acid, 3 : 4-Diliydroxybenzoic Acid, 

CoH 3 (OH) 2 *CO*OH, is obtained from various rosins. It has reducing properties 
like pyro-catechol (§ 350). 


No + 2Naa + CO 2 . 


464. Tannins. — The name ‘tannin’ is given to a group of vegetable 
products which have the property of coagulating proteins and form- 
ing insoluble compounds with them, and which are therefore capable 
of converting raw skins into leather. Tannins are found in many 
different plants, notably the bark and galls of the oak, the sumach 
tree, etc. 

The tannins are of various compositions. Some are glucosides 
(§ 273) of gallic acid or of protocatechuic acid (§ 463). Common 
tannin or tannic acid forms some 60 per cent, of gall-nuts. It is 
digallic acid. (HO)aCoH 2 (COjH)- 0 -(C 02 H)C 4 H 2 (OH) 2 . 

When boiled with water it forms gallic acid. Besides the use of 
tannin in tanning hides, it finds uses in medicine as an astringent 
and a styptic. A recent use is in the treatment of severe burns. 
A tannic acid spray applied to the part coagulates and so immo- 
bilises the poisonous products of the effect of heat on the proteins of 
the fleaii, thus preventing the often fatal effects which follow their 
absorption into the system. 

465. Gallic Acid, 3:4:5-Triliydroxybenzoic Acid,C 6 H 2 (OH) 3 *COOH, 
is of some technical importance. It occurs in galls in the form of 
tannin (§464), from which it is prepared by boiling with water: 

[H00CC6H2{0H)j]20 + H 2 O = 2(H0)3C3H2C00H. 

Gallic acid forms white needles readily soluble in water. 

\Vhen heated it breaks up, giving pyrogallol (1:2: 3-trihydroxy- 
benzene); — 
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OH 


HO OC 


CO, 


+ 




OH 


OH 


OH 

OH 


It is a strong reducing agent. An important use of gallic acid is m 
the manufacture of ink, which at its simplest is a nature 
salt with gallic acid. With ferrous sulphate it gives a 
ferrous gaLte. This is not oadised in air in presence of traces of 
acid but when it dries on paper the acid is neutralised and the 
ferrous gallate oxidises to a black substance. Ihe ink is coloured 
with inlgo-sulphonic acid, for it would otherwise be very pale m 

Pheaylglycollic acid, C,H. CH(OH)-CO OH 

oo!^s intee product^ obtained when bitter abnonds are crusbed 

Tt is nrenarecl by treating the bisulphite com- 

is 

chloric acid: 


SOgNa 


CN 


COOH + NH4CI 



C— OH CeH,— C — OH 


H 


H 


occurs in certain balsams and r t 

“TTs made by Perkin'a reaction in which benzaldebydo, acetic 
anhydride and Ldium acetate are heated together 

c!h,CHO + CH. - ^ C.H,-CH=CH-CO.OH 

— CO^ GHj-CO OH. 

Alternatively, benzal chloride may he heated with sodium acetate 

properties. It melts at 133 ' Lik© acrylic acid 

Cinnamio acid is a j ^vith bromine and with hydro- 

gen hiS flmln; addition products. Oxidation converts it Erst 
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into benzaldehyde, then into benzoic acid. It waa at one time used 
in the manufacture of indigo, but the process is obsolete. 

CinnamaldeJiyde, CeHt— CH = CH— CHO, is phenylacrolein. It is contained 
in oil of cinnamon, to which it gives its aromatic odour. It has the reactions ot 
an aldehyde and of an unsaturated compoimd. 

467. Goumarin, 


H H 

HC C CH 



1 

CO 


H 


is the odoriferous principle of new-mown 
hay, woodruff, Tonka beans, etc., and finds 
much use in perfumery. It is the lactone of 
o-hydrosy-cinnamic acid. 


It is synthesised bv Perkin’s synthesis from salicylaldehyde (cf. 
§§ 4C6, 451). 

Coumarin forms pleasant-smelling crystals which melt at 67 C. 
It boils at 290“ C. Alkalis convert it into the sodium salt of cou- 
marinic acid: 

CH 

CH - CO-ONa. 


THE 

PHTHALIC ACIDS 


Tlie phthalic acids have the formula C(jH 4 (CO'OH) 8 . Three iso 

merides are known: 

COOH 

COOH 

|X\c00H 



^S^COOH 

\ycoon 




COOH 

IMithalic acid. 

woPhthalic ncid. 

TercphtliuUc acid. 


The three isomeridcs can be made by oxidising the respective 
X}' lories with nitric acid or potassium permanganate: 

CeH,(CH3)3 + 60 - C„H4(C0-0H). + 211 ^ 0 , 

but o-phthalic acid is usually made by oxidising naphthalene. 

468. Phthalic Acid, Benzene-o-dicarboxylic Acid, CeH 4 (CO OH) 2 . 
Phtbalic acid can be made by oxidising ortho-xylene (as mentioned 
above). It may be manufactured by oxidising naphthalene, CjoHg, 
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mth concentrated sulphuric acid at 270—300° C., a little mercuric 
sulphate being added as a catalyst. 

H H 

C C CH 

TTC C CH HC C — CO*OH 

I II I + 90 = I II + 

HC C CH HC C — CO-OH 

XX\/' V/ 

c c 

Ti H 

Tliis method is almost obsolete and has been superseded by direct 
oxidation of naphthalene vapour by air in the presence of vanadium 
pentoxide at 300—350" C. The anhydride. 

CO. 

is thus produced, and may, if required, be converted into the acid 

j‘l™Tonvcnicnt for a ‘“f 

oxidise the naphthalene by heating i gen y ...imchloric acid 
potassium chlorate and ten parts of 

This chlorinates it to totrachloro-naphthaleno. which is th. n oxidisid 

by coneentratod nitric acid. ono" r* with 

Phthalic acid forms white crystals u hieh melt f .'^7^ 

°;^ha.io 

anhydride, 

y^co 


0 CO OH 
CO-OH 


O + H,0. 




CO 


The other phthalic acids (§ 471) do not form anhydrides when 

benzoic acid, it yields benzene when heated with lime. 

C,H.(C001I)2 + 2CaO = 2 CaC 03 + C,H,. 

c ftpid is in the manufacture of 

ph^hatf a;:;:y"d"wMch"' is usci in manufacturing numerous 

important dye-stuffs. 



469. Phthalic Anhydride, 
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468 a. Terephthalic Acid, Benzene-^^-dicarhoxylic Acid, 

{C0.0H)2 is prepared on the large scale as a constituent of terylene, 
used as a textile fibre. Terj'lene is a condensation product of dimethyl 
terephthalate and ethylene glycol. 

^O. — Phthalic anhydride is 

made by the action of heat upon phthalic acid, as described above. 
It is prepared commercially by heating fuming sulphuric acid and 
naphthalene. Phthalic acid is first formed as described in § 468 
above, then decomposes, and phthalic anhydride sublimes together 
with some sulphuric acid. It is purified by centrifuging and re- 
subliming. 

The preparation by direct oxidation of naphthalene by air is now 
much used, and is described in § 468 above. 

Phthalic anliydride forms tough white needles which melt at 
128” C. and boil at 284” C. It is almost insoluble in cold water. 

Phthalic aiih3'dride reacts only very slowly with water, forming 
phthalic acid. 

It reacts with ammonia, giving phthalimide below), 

.CO. 

C<,H/ )Nn. With phosphorus pentachloride it gives phthalyl 

.COCl 

chloride whicli has the formula CaH4<^ . If this compound is 

^COCl 

CCl 




heated with ahniiinium chloride the isomer CgllX /O* 

obtained. Phthalic anhj’dride maj' be nitrated and chlorinated like 



^c — c 


'\ 


11 

vO = C,H 

H C — Of 



riunoi 



\ 




d- 




^ 


C — C\ 




I 

^4- 


*o 


HC 


HC 


\ 


\ 


CO 


\ 

c _ 
c 

HC 


+ H:0 


CO 


C 

H 




CH 


HC 


H 


CH 


i'luh.tlic Aiihvdia^c 


Phcnolphthalein 
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other benzene derivatives. Its chief importance U its reaction ^th 
phenols giving thephthalems,an important class of tnphenylmethane 
dyes. These are discussed in Chapter XXVIII., but an example of 
the process may be given here. Phenol, when heated with phthahc 
anhydride, gives the familiar indicator, phenolphthalem. 

A^condensation of this type can be earned out with any mternal 




O and any phenol with the 


anhydride containing the group QQy/' 

^'Thf fo^ltion of the dye fluorescein (§ 401) is so readUy brought 

about that it affords an exceUent test for phthahc anhjdrid 

The phthahc anhydride (I g.) is fused with 2 g. of resorcmol and 

a drop^of concentrated sulphuric acid. The product, g 

fluoreLin is dissolved in dilute caustic soda and poured mto a 
far“um"of water. Even smaU traces of fluorescein give a hne 

yellow-green fluorescent solution. 


470. Phthalimide* 



Nil, is made by passing dry am- 


monia gaa into molten phthahc anhydride for a long period: 

® CO 

. . ,i:»„ .r,r,Ttvf.rt(*d bv treatment with 

It is of interest as being re ^ ... j ^hich can bo further 
potassium hypobromite into anthranilic aaa, 

transformed into indigo (§ ♦>03). 

/Nnh. 




CO 


, I '^NII - 




COOH 


+ CO.. 


The reaction b analogoua to the conversion of acetamide into 

and Terephthaflc Acid „„ d» ...peedv. 
eivoQ to tho acidn of fi^nntila* 

coon cooil 






anf) 


CO Oil 




CO OH 
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AROMATIC ACIDS 


As miffht be expected from their formulae they differ from phthaUc acid in not 
forming an internal anhydride or imide, emd consequently in not giving nse to 

phthaleins. 

COOH 


472. Trimesic Acid, c«Ha(CO OH) 3 , 



is mcule by 


oxidising mesitylene. CeHaCCH,)*. The other two benzene-tricarboxyUc aci^ 
(1:2:3 and 1:2:4) are known, as also are the throe tetracarboxjuc acios, 

C6Ho(CO-OH)4. _ . 

473. Mellitic Acid, Ce(CO-OH)«, U of interest OS occurring in peat beds in 
the form of aluminium meUitate and as being formed by the direct oxidation of 
u'rapliite with potassium permanganate. Its formation is evidence for the 
cxistoni'o of a hexagonal structure in elementary carbon: this is confirmed by 
the n-sults of the X-ruv analysis of graphite crj’stals. 

Mellitii- o.'id very stable. It cannot be substituted but may be reduced to 

l.\'lrinnellitic nciti, CyHg(C 02 H)®. 

It forms tm anhyiiride, 


O 


1 CO 
fO \ 

N/ 


;C 


\C— CO 


t ' 


C— CO 


\ 

X 


o 


/x X 

CO 


l) 


' — CO 


'.vhit'h is of intiTi'st ns being an oxide of carbon, C 12 O 0 


QUESTIONS 

(l; How is hi-nzoic neiil tnnd.'? In what respects docs it differ from acetic 
nc ul 1 [> w can it h.* converted into (u) benzene, (6) benzoic anhydride? 

U’) Ih'w are .-alicyliddchyde, salicylic acid, motliyl salicylate, aspirin, 
prepared syMthelicnlly? What substances are formed by the action of heat 
upon salicylic ii'id ? Is any t hint; similar found among aliphatic hydroxy .acids? 

(3) Writ** the fornmlre of the three philmlic oci<ls. How is o-phtholic acid 
mafic, nn<i how does it differ from tVie other two acids? 

(4) How is phthiilic nuhyilrido made? How cmi it be converted into phthalio 
acid, pbenulphtluilcin, phtluilin^ide’ 



CHAPTER XX^^II 

COMPOUNDS CONTAINING MORE THAN ONE 

BENZENE RING 


The most important hydrocarbons containing two or more 

benzene rings are: 

Diphenyl 

Diphenylmethane xj 

BenzU CeHs'CO CO-CeHt ■ 

The triphenylmcthano dyes. 

474. Diphenyl, c.H .c u -- 

the action of eodium on a eolut on of bromoU 

C.U.Br + 2Na + pa., ti.o vapour of 

Tho reaction is b1o%v, and f -"'‘’‘‘‘t 'aoko.l with pumico, or ti.rough molten 
benzene tJirough a and tho pro.luct fractionally distilled, 

lead. The issuing vapours are corj^d^n^^ rocrystalliscd from alcol.ol. 

Diphenyl pasaoa over at 2o0—00 v.. a ^ 

H H rJr 

.c— cv /^'^X 

^ ^ Tf molts at 70 G® c. and boils at 254“ C. 

Diphenyl forme white cryatals. resemble those of benzene. It forms 

lu chemical ^ ‘ chloro- and nitro-diphenyU. Substituent 

numorouB always, enter the para-position. 

groups usually, but not niway , 

476 . Benzidine. pp -Diammodiphenyh 

H H H 


H,N— C 


H H H 

'* i;srru2x“rS”crs— .. 

450 


eJex c=c. 

%-C^ \'H + H 2 

V^c/ 

II II H H 
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with zinc dust and caustic soda, thus forming hydrazobenzene (§407): 
CeHg NOa + lOH H- OaN CaHg = CgHj— NH— NH— CgH# + 4 H 2 O. 
The liquid is now acidified, care being taken to keep it cool. Hydrazo- 
benzene separates out, and is filtered off and then boiled with dilute 
hydrochloric acid. It undergoes transformation to the isomeric 
benzidine, which remains in solution as the hydrochloride. 

CeHgNH-NH-CaHa = NHa-CgHi-CaHa-NHa. 

Dilute sulphuric is added and precipitates benzidine sulphate, 
which is sparingly soluble, and benzidine is prepared from this by 
boiling it with caustic soda. 

Properties . — Benzidine forms colourless crystals melting at 122 C. 
It boils at 400® C. Its importance lies in the fact that its salts, when 
treated with nitrous acid, give diphenylbisdiazonium salts, 

ClHaN-CgH^CeHi-NHsa Q— N— C«H*— CgH,— N— aH-4H20 

+ + = 111 111 

HNO 2 HNO, N N 

and these couple with various phenols, givi^ azo-dyes which have 
the valuable property of dyeing cotton and linen without a mordant. 
An example is Direct Blue 2B or Chlorazol-Blue RB, made by 
coupling diphenylbisdiazonium chloride with 8-amino-o-naphthol-3 : 
G-disulphoiiic acid, in alkaline solution. 


NaSO 


NHo OH 



1 


^SOgNa 


Direci Blut 



461 


benzophenone 

ToUdine (dimethylbenzidine) and other substituted benzidine. 

give similar valuable dyes. toctmfr for blood. Sodium 

Benzidine ia employed a solution of benzidine in 

perborate and acetic aei « colour i. produced 

rta"tt^»b?pero.d^^^ eonUined therein. 

476. Diphenylmethane. c,h,ch .c.H.^-D,p..eu>i.ne.ban^ be^a, 
by the Friedel-Crafta reacuou (§ 34 ) ,„unlly made by beating 

C.H. ClIeOn + H CJU - C.IU CHe'C.H, + H,0. 
Dlpbenybnetbane for.^ P>— ‘ 

“irres^e'ur^^a'SLrenfurSerug^^^^^^ 
acid it gives bonzophenone.C.Hj CUCo.t,. 

r* W rO-C' Hft — B«*nzoy*lienone is formed as 
477. Benzophenone. CeH^ t ^ Friedel-Crafts reaction 

-to ^ 

C.H. + Cl CO C.Hc = C.H. CO C.II, + HC . 

It can also be obtained in rather poor ,-ield by distahng calcium 

benzoate (cf. § 109). nt 4S — 49’’ C. It boils at 

It forms colourless erjism s i ^ phenylhydra- 

308° C. Like other 1° „„con<lary alcohol benzhydrol, 

zone. On reduction it b ■ . jj^df not of much iniport- 

C.Hc CH(OH) C,H,. such as ■Michler's ketone/ 

ance, 1;“* TO O iT-NlCHalt are used in the dye industry. 
(CH.ljN CcH.CO C.U.MlLl all. H (Oil), i« a dvc-atufi 

478. Tribydroxybenzophemane, c„ih._ ,,yrc.gaiioi arid 

known «» Af "id W tl.r.-» parn -f 

^r.attc^':itraJt‘dcl;yratingandcondc,w^^^ ^ 

C.H. CO OU + H C.IiclOHI^ . Jnig the colourU-aa benzo. 

dyo-etufT. — L)ii>honylothuno 

479. Diphenylethane. Ldiun;. 

can be made by treating Y ^ ^ C« 1 I. CH, Cil, Cell,- 

CeH,-CU,CI + 2Na + ^ 

^8o" C„H.CU = CH.C.H. . prepared by 

the action of ,K,d.u.n on benr^ ^ ^ ^ ^ C„Hi. CH^Cll-CoH^ + •*NaCl. 

CeHfCilCIji + 4 a + \ producta in tbo Baino way tw etbylone. 

u i. a typical "co C.H.-When helizaldehyde is 

481. Benzoin, C«H6 « 
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boiled with an alcoholic solution of potassium cyanide, benzoin is 
formed: 

CeH^-CHO + CHO-CeHs = 

Acetaldehyde does not give any analogous reaction. 

Expt. 102 . — Preparation of Benzoin . — Place 10 g. of benzal- 
dehyde and 25 c.c. of alcohol in a 100 c.c. round-bottomed 
flask fitted with reflux condenser. Dissolve 2 g. of potassium 
cyanide in 6 c.c. of cold water, and add the solution to the 
contents of the flask. Heat on the water*bath for an hour. 
The reaction often goes suddenly and the product solidifies. On 
tlie other hand, seeding with a crystal of benzoin is sometimes 
necessary. Pour the contents of the flask into a beaker and 
leave it to cool spontaneously. Filter off the crystals, wash 
with a little alcohol and dry. If necessary the product may be 
rccrystallised from a little alcohol. 

Ih-nzoia forms well-formed prismatic crystals which melt at 
134“ C'. It is at once a ketone and a secondary alcohol. The 
.•^CMMu^larv alcohol group is readily oxidised to a carbonyl group 
(§ 52), an<l aoconlinirly benzoin is easily oxidised to benzil by boiling 
it «ith ei.>ncentruted nitric acid (sp. gr. 1’42); 

( ',11, -H O =- CgHB-CO CO-CgHs + H^O. 

In the satJie way the carbon5’l group is readily reduced to the 
sceondai-y ah-oholie grouping (§ 52), and accordingly benzoin is 
easily reduced hyilrobenzoin or ^-diphenylglj'col: 

-h 2H = CeH5-OH(OH)*CH{OH)-CeH5. 

4S2. BenzU. Uj CO-CO CeHs, is a diketone. It is prepared by 
ONidati<jn of ben/.oiii, u?* ilcseribed above. 

lo:t.- PrejKtration of Benzil . — Powder the dry benzoin 
prejiared in Kxpt. Iu2, and place it in a flask. Add twice its 
weighi t)f c(>ru-< ntratod nitric acid (sp. gr. 1*42), and heat on 
the water-bath for twc» hours. Pour into cold water. Filter off 
the erystal,-. and wash thoroughly. Press on porous paper and 
recrystalli.>ie Jioni alcohol. 

It forms pah* sellow i*rystals melting at 95® C. and boiling at 
340—348® C. Its colour is of interest (r. § 401). 

Benzil is reduced first to benzoin, then to h3’drobenzoin by nascent 

hydrogen, C„H,-CO CO (\H, C,Hs CH(OH) CO CeH5 

CgH5-CH(OH)*CH(OH) Cf..ll5. It forms oximes, bisulphite com- 
pounds, etc., like otht‘r ketones. 

483. Triphenylmethanc, (C.dTgl^iCH. — Triphcnylmcthane is a 
remarkable compound, which is of imporUtnce as the parent sub- 
stance of several of tho most important sx’iithetic dx'es. 

Triphenylmethaiie may be prepared bj' the action of benzene on 
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triphenylsiethane 


chloroform in presence of aluminium chloride (Friedel-Crafts 
reaction, 5 ^ ^ ^ 

Triphenylmethane forms colourless crystals melting at 92 C. and 

i rem'artrX'il that, unlike most of the higher hydrocarbons, 

it is highly reactive. molecular compound, 

Thus, %vith benzene it compounds vith many 

(CaH5)3CH-CeH„ and similar addition compou 

other compounds are . central carbon atom is very 

This peculiar behaviour makes 

three large nrm particularly loose. Much 

makes the . *u„ peculiar behaviour of tnphcnyl- 

Sriir bift im Uieory is sufliciently wcU supported to rec,uLre 

mention ’in a book of this scope. 

NH* ^"=* 


Clla CH, 





N 


N 


NH 


II — 


NH* 

1 Tri-ajninotriplifnyl* 
mothano (coluurlc.-w) 



HO— C 




CH, CH, 

H. T<-tran»othyUliatmno- 
triplienylinvtliuno 

(louco-baso of malachit4» Bro.-nl 


CHg CH, 

III. Tctntnu-lliyKbaimno 
triplienyUaibuiol 

(rlyo-bant* of nuilacbit** 
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484. Triphenylmetliaiie Dyes. — Triphenylmethane is colourless, 
as are most of its simplest compounds. But the hydroxy- and 
amino-derivatives of triphenylmethane which have a quinonoid 
(§§ 363, 401) structure are important and brilliant dyes. The 
formulas on pp. 465, 466 give an idea of the types of structure 
which give rise to triphenylmethane dyes. 

An aminotriphenylmethane, I. (p. 463), is colourless, as are also 
the methylaminotriphenylmethanes, c.y., H- These leuco-haaes are 
colourless and when oxidised give a colourless dye-hasBy ill- When 
II- is converted into a salt and oxidised, a quinonoid structure is 
developed, and the product is the dye, malachite green: 


CH 


CH, 


CH 


N 

I 


11— O 



oxidised by 
(say) PbOa 


4 



] Cl 


CH3/ ^Clls 
UoloiirliV:^ hytlnu hl ir; !*> 
of luucO'ba^o of tnnl;. 
chito grcH^a. 



All the triphenylmetbano dyes are of the ty^e 

X 


CH, 

Malachite green. 







z 




II 

Y 
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TBIPHENYLMETHANE DYES 
Various KTOups may be substituted in tbe benzene rings but the 

ess"sSrctLe J(l) tbe Pv^he 'p’uu 

p^tirjs (S: Y. Z). (3) l quinonoid structure being present m one 
ring. 


CH 



triphenylmethane dyes 
CH, 


N 





^CU, 

Malachite groon. 





OH 


/ 

N— SOs (i Ca) 


}C1 


C,H 


2*1 j 



patent blue. 


NH, 



Cl 


= N 


T+/^ 


H 


H 


NHj 

Fuclujino (rnogonta) 




Methylviolot. 
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OH 



Cl 


= N 


\ 


H 



NaOOC 


V 

/X 


Sodium salt of phenolpbthalein. 



'I’lir above are the fcjrmiilaj of some of the most important of these 
(1\ fs. All of them conform to the above structure. 

llll': FrCHvSINE GROUP OF DYE-STUFFS 

'J'he of dvt'^.stufTs derived from diamino- or triamino-tri- 

% 

phenylnu'fhiim* are known as the Fuchsine dye-stuflfs. 

485. Malachite Green. — The simplest of the group is malachite 
green. This is mafle by heating bonzaldeh 3 'de with dimethylaniline 
together with some substance capable of absorbing water, c.gr., 
anhydrous zinc chloride. The product of this reaction is the leuco- 
base of malachite green (tetramethjddiaminotripbenj'lmethane) 
(see formula on p. 167). 

The leuco-baso is then oxi<lised b^' heating it with a mixture of 
hj'clrochloric acid, acetic acid and lead peroxide (see equations, 
pp. 407 46S). 

The base of malachite green is first formed, itself a colourless 
substance, and this reacts with hj'droohloric acid, forming malachite 
green and water. The base of malachite green baa not a quinonoid 
structure, and is, therefore, colourless. The salts are quinonoid and 
are all intensely' green. 

This relationship between leuco-base, dj'e-base and dye-stuff is 



MALACHITE GREEN 
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lie CH 
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HC CH 
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HC 


C=C 
V H H 
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HC CH 
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CH 


CH, 


CH, CHa 

\/ 
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%cy " " 

C CH 


ui 


o + n 

i '^c-c 

H H 

HC CH 
iih CH 

^c/ 

H— N+cr 

dig CHg 

Hydrochloride of leuco-baao 


CH, CH 


N 
1 

HC CH 

„i {^H 

1 

HO— C— C CH + lUI 

I 

H 11 

HC CH 

ui til 

I 

N 

Cllg CH;, 

Malachite proou boMo. 
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CH3 CH, 
N 

I 

./ \ 

HC CH 


ni CH 


I) 


^C-C^ 

C CH + H2O 

V>— c/ 

H H 

CH 


HC 

II 

HC CH 

11 + - 

N’ Cl 

' \ 

CH, CH, 

MnhH’hitc izrron 

found in some form in all tbo triphenylmcthane dyes. It may be 
sununaristnl as: 

oxidation acids 

Leuco-base T ' Dye-base ~ ^ Dye 




rediu'tii)n alkalis 

L.H L.OH L.Cl 

Coiourless. Coloured. 

486. Fuchsine. — The dye magenta was one of the earliest to be 
disc'overed, arid is still important both in itself and for the manu* 
farturo of rosauiline blue, 'i'bo relntionsliip of leucorbase, dye-base 


and d\ aiiain liohls. 

In the ca.se of fuchsine 

we have: 

XU3 

1 

NH, 

NHa 


j 

CV.H3CH, 

C^Ha-CHg 

1 

H—C—CeHi-NHa 

HO— C—CeH.-NHa 

j 

C = CeH. = J 

Cell. 

j 

C,H. 

Cell. 

NH, 

j 

NH3 

NH, 

Loucunilirio. 

Knsanilino* 

Fuclisine. 

Triomiiio-diphcuy Itolyl- 
metbaru^ 

Triarnino-diphenyltoly !• 
carbinol. 

Leuco-base . 

[)ye-basc. 

Dye. 

Colovirlojw. 

C'olovirloss. 

Red. 


The case is somewhat complicated by the presence of para- 
rosaniline and parafuchsine, which differ from rosaniline and 
fuchsine in lacking tlie methyl group. 
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FUCHSINE 

487. Preparation ot Fnchsme.-Fuehsine is manufactured by 
oaidising a mixture of aniline U moU 
toluidine (1 mol.), with arsemc acid, H3ASO4, 


NH 

I 


2 


O'toluidine 

HC C-CHg 

I II 

HC CH 

NcX 

H 


HC CCHg 


H H 


HC CH 
XcX H H 


3O + H3C— C 




C-NHa == 2 H 2 O + HO— C 


CNH 


HC 


H 


HC 


Xc=C^ 

H H 

j>.toluidino 

CH 

II 

CH 


HC 



Xc=C^ 

H H 


CH 




aniline 


HC CH 

NcX 


NH, 


NH, 

Roauniliuo bast* 


NH 


y^x 

HC CCHs 


HC CH 

I / X 

C = c c 

I Xc=c^ 

H H 

HC CH 


HC 


Cl 


= N 
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NU, 

i'uchfiifu* 



470 COMPOXXNDS WITH MORE THAN ONE BENZENE RING 


Rosaniline is formed and on dissolving the product and treating 
it with hydrochloric acid, fuchsine is formed. 

The original discovery of fuchsine by Sir W. H. Perkin was due to 
an attempt to oxidise aniline with arsenic acid. The aniline con- 
tained o- and p-toluidines, derived from toluene present in the impure 
benzene from which it was prepared, and consequently fuchsine was 
formed. 

Manufacture . — The nitrobenzene process is now almost always 
employed. ‘Aniline oil for red’ — a mixture of aniline with o- and 
P'toluidine — is partly converted into hydrochloride with cone. HCl 
and heated till all water is driven off. The mixture of the amines 
and their hydrochlorides is then mixed with about half its weight 
of nitrobenzene and some 3-5 per cent, of ferrous chloride or iron 
filings which appear to act catal 3 ^ically. The mixture is heated to 
about 175® C., and w’ell stirred. The nitrobenzene oxidises the 
mixture as described above, and is converted into various tarry 
substances. The resulting mass is boiled with water under pressure, 
and when dissolved is precipitated by addition of salt. The product 
is redissolved, and is finally deposited as crystals with a greenish 
metallic lustre. 

The fuchsine so prepared is the hj'drochloride of rosaniline, and 
dj'es wool, silk, and mordanted cotton in magenta shades. Much of 
it is converted into rosaniline by treatment with ammonia and used 
in making the important rosaniline blues. 

^CeH3(CH3)NH, ^C,H3(CH3)NH3 

C = Call* = NH3CI + NHjOH ^ HO-C - CgHi-NHa + NH^Cl 

\CaH*-NH3 

Furlihiue. Koe^aniline* 

Uosauilino is colourless when pure, but as made by this process is 
pale pink. 

488. Methyl-violet. — Bv’ oxidising dimetbylaniline, a valuable 
(lye known as methyl-violet is obtained. It is pentamethyd para- 
rosanilifie {p 405). One methyl group from the dimethylaniline 
migrates to thep-position, and thus provides the central carbon atom, 
while the other five are attached to the nitrogen atoms. The method 
ot oxidation is peculiar, atmospheric oxygen being used as oxidising 
agent, with copper salts as catalj'st. Cakes are formed from a 
mixture of (say^) 100 parts salt, 10 parts dimethylaniline, 3 parts 
cupric nitrate, 1 part dilute acetic acid. The salt acts merely as a 
means of forming a porous mass easily reached by the air. The cakes 
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methyi. violet 

are gently heated with free acce-sa of air, tiU the reaction is complete 
and\hen^dissolved in water, when the deep 

the dye and cuprous chloride is precipitated This la dissolved by 

boiUno with dilute sulphuric acid, and the dye is precipitated 

with a concentrated solution of sodium sulphate. r i. i i 

Exvt 104 To Prepare MeihyX-vioUi.—^o 30 g. of salt add 

a solution of 1 g. of cupric nitrate in 1 -5 c.c. of water and O o c.c. 

of dilute acetic acid. Stir till evenly mixed, and stir m 3-0 c.c. 

of dimethylaniUne. Place the mixture m a large fiat 

dLh, and warm it very gently, stirring continuously until the salt 

is of a strong deep coppery lustre (J hr.). 

Treat the solid with 250 c.c. of water contauung about 1 g. 
of ferri! chloride, and stir till aU the salt has dissolved. 1 our otl 
sTap nln of the dye-atuff through a large S^ter^ Il.Wve 

« 9 ^XSirB\uls!-men heated for “ 

With anUine and a irdiminated an<l phenyl groups 

action takes pUct. ntoms The best blues are obtained by 

substituted for the o ro rosaiiiUne and even crude 

using pararosiinihne, nut oruxij y 

magenta are used: 


,CeH3(CHa)NH2 HiN-CafU 
H0 C^C,H*NH3 -h 

\CeH4 NH, H,N 

Rodatnliiio. 


/CVlgiCHslNHCcHs 
HO— C^CeH* Nli Celia-3NH3 
\CelUNUCaH, 

TriplienylrD.Hunilino. 


^ iH insolul)!^^ water, l)ut rtolublo 

• '^l‘coho”‘'’irirth“ refore .-onverted into a soluble foriu by Hulpho- 

,,ye is heate,l with couccntratcd sulphunc acd 
T -lo«-lo» C t^au phonic acid of triphenylrosu.ulinc .a produced 
Wgcth« with “liau.pho.uc acid. The schuu. aalt of th.a .a 

/C.ll3(CII,)NlIC.IU 
UO— C.l 1 .-NHC.H .SO^Na 

XCjH.NliCeUj 

Sodium enll oj Nicholson hint. 

. . , 11.. TKa fiodium salt is colourless in alkaline 

called Nicholson formula above, it has no quinonoid 

solution, for as ^cn « ' ’ alkaline hath of Nicholson blue 

rr:;:u.':rurrsVhurwhen removed, washed and dipped in 
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dilute sulphuric acid it becomes brilliantly blue owing to the 
formation of the quinonoid salt: 

CeHs(CHa)-NH-CeH5 

G = C.H* = N^CeH^-SOaH 

^HSO* 

C.H^-NH-CaHB 

Nicholson blue. 

The disulphonic acids of triphenylrosaniline are readily soluble in 
water and much used under the names of cotton blue, water blue, 
etc., for dyeing aU manner of stuffs. 


THE PHTHALEmS 

The phthaleins obtained by heating phenols with phthalio 
anhydride have a general resemblance to the fuchsine dyes. They 
can exist in two forms, one of which is non-quinonoid and colourless, 
while the other is a salt and has the quinonoid structure and is 
coloured. The coloured forms, like the fuchsine dyes, have a 
triphenylmetbyl structure with one quinonoid ring, but in place of 
the amino-groups of the fuchsine dyes we have hydroxyl groups, and 
the quinonoid >C = NH is replaced by the quinonoid >C = O. 

The simplest member of the group is phenolphthalein. 

490. Phenolphthalein. — Phenolphthalein is prepared by heating 
phthalic anhydride wnth phenol and sulphuric acid or zinc chloride, 
which act as condensing agents. 


HC 


OH 


CH 


HC 


% 


CH 


C 

H 


H 

C- 


H’ 


H 

% 


OK 

HC CH 


HC CH 

C H 


1 


H 

C 


\ 


C 

c 


o 


c 

H 


c 

H 




C OH = 


C C 




HC 


\ 


\ 


c — c 


HC CH 
H 


. s V 

HC C CO 


c 

H 


C 

H 


% 

/ 


C OH 
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Two molecules of phenol and one 
uf phthalic anhydride. 


Colourless form of 
pboDolphthalein. 

On the laboratory scale 9 g. of phenol are well mixed with 6 g. of 
phthalic anhj’dride and placed in a 100-c.o. round-bottomed flask 
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PHENOLPHTHALEIN 


and 4 o o of concentrated Bulphurio acid are ^^ded The mixture is 
belted for four hours at 120° C. The resulting sohd « boded ™th 
caustic soda solution and a deep red solution of the sodium salt of 

phenolphthalein is precipitat^. It is 
fill^ ot^isllved in alcohol, decolourised, if need be. with animal 
charcoal and crystallised by cooling. insoluble 


structure. 

HO 

1 


HC CH 


HO CH 

Vo^ 


H U 


HO 

1 

HC CH 

I il 

HC CH 

Vn/ 


c — c 





H H 


COH 


C 




C = O 


(l'^o^c=c/ 

\H H 

HC C CO + NaOH 

1 11 

HC CH 

\c/ 

H 

I. 

ColourloHB form. 


\c=C^ 

H H + HjO 


HC C — COONa 

I II 

HC CH 

Vc/ 

H 

II. 

Ilotl sodium salt. 


V.X>iouri»Jso tw..... 

. ^...A of all- for it has no replaceable 

“.S "-"E 'S 

g;““i ...b» .»» “b. "p - 

- CO - O - group substance and rcailily 

inclicatora like itself. 
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Phenolptthaleiii is a poor dye, but some of the other phthaleins 
are of great value as dyestuffs. 

491. Fluorescein is obtained by heating resorcinol (m-dihydroxy- 
benzene) with phthalic anhydride. The reaction goes easily and no 
dehydrating agent needs to be added. 

Expt. 105 . — To Prepare Fluorescein . — In a test-tube place a 
mixture of 1 g. of phthalic anhydride ■with 2 g. of resorcinol and 
heat for a few minutes, being careful not to exceed the tem- 
perature required for reaction. Dissolve the product in caustic 
soda; dilute very largely and note the magnificent fluorescence. 

Fluorescein is not, as might be expected, a dihydroxyphenolphtha- 
lein, for the two molecules of resorcinol lose an additional molecule 
of water and form a ‘pjTone' ring. 


H 

c 


H 

C 


\ 


> 




HOC COH HO:C COH 


Pn rone n'lic 
H ‘ \ H 

c \o c 

^ \ A \ % 

HO C C \ C C OH 


HC 


\. 


c 

H 


H H C CH 


HC 


\ 


C 

H 


^ \ \ ^ 


CH 


( . 


O 


I O 4 


\ o 

\ 

HC C — C = 0 


HC CH 


\ 

HC C CO 


HC^ /CH 
& 


2H2O 


c 

M 


Fluorescein 


The pjTorie ring is a powerful chromophore and accordingly 
duorcsccin is coloured in the solid state. Its salts have the quino- 
noid structure as well as the pjTone ring and have a very intense 
though not very deep colour. 

Fluorescein is a dark brown powder which dissolves in alka li s to a 
solution with a beautiful and intense yellow-green fluorescence. 
The solutions of the sodium salt of fluorescein appear pale yellow by 
transniitt<‘<l light, but when \uowed against a dark background they 
have an intense luminous green tint. The sodium salt of fluorescein 
h.as been us<-cl as a yellow dye, but only to a small extent. The chief 
value of it is for conversion into tetrabromofluorescein which is the 
important dye eosin. 

492. Eosin, Tetrabromofluorescein. — Eosin is prepared by dis- 
solving fluorescein in acetic acid and adding the theoretical amount 
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EOSIN 

(four molecules) of bromine. The eosin Ls precipitated by diluting the 
acetic acid. 

C*oHi,0* + 4Bra = CgoHaBr^O* + 4HBr. 

Eosin has the same formula as fluorescein except that four of the 
hydrogen atoms on the carbon rings derived from the resorcmol are 

poTder which disaolvea in alha^ to a red 
aolution with a green fluorescence, particularly notic^blo m dilute 
soluLn It dyes materials in brilliant pinks and s^rlets and .3 much 
used in red i4. It is not fast to light but its bnlhance makes ,t 
valuable. Tetraiodofluorescein has also been used as a dye-stuff. 


493. Other Phthalein Dye-stuffs. -if th. anhydride of tetraduoro. 

Cl 

CO 

*^ 0 , IB heoli-il with re.Borcmol. a valuable .lyo-stuff 



CO 




of bluiBh-red - 

that of fluorescein, save that the fo^ n> urog^ chlorine. 

derived from the phthahc anh>dr»de p p.^i-ogallol (8 359) to form a 

Phthalie anhydride may bo <^‘’“^®^ViV(lro^yrRroup than fluorescein. By 
hi^ttg^t'hfa^S rXwi?:cid a valu'ublo green dye. ‘alizarin green.’ is 

Rhodamines are a serie.. 

Hhadoa. They are ob.aine. by treat, g 1' 
phenols. The simplest rhodatmiui of ony value nas 

.C.H.,.._cAo/“NoAc.K^C. 

H I M 

A'\ 

HC c — COOH 

! il 

lie CII 

li 

and i. n,a.la by beat.ng .d.ti.alic ani.ydri.b, ,itb „..di«t..ylami„op.,„„o, 
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POUNDS WITH MORE 


THAN ONE BENZENE RING 


Solutions of its salts have a beautiful orange fluorescence and dye fabrics a 
brilliant pink colour. Many rhodomines are known. 

494a. Monastral Blue. Monastral blue is an important dye. It is 
copper phthalocyanine (I). The parent substance is pbthalocyanine 
(II). Copper phthalocyanine is a very stable substance; neither 
molten potassium hydroxide nor boiling concentrated h 3 ^drochlorio 
acid affect it. It is prepared by heating phthalonitrile with copper. 







N. 




NH N 



c— 

1 

=N NH— C 

Xs. 

1 1 1 




n 


495. TriphenylmethyU (CejHsljC— (C 6 H 5)3 ^ 2(C6H5)sC.— men 
triplienj’lc'hloromcthane (§ 483) is heated with finely-divided silver, 
instead of the compound hexaphenylethano, 

CeH,/ \CeH3 

which might be expected, a compound is obtained which reacts as if 
it were triphenj'hnethjd. 

c,n,-^c-ci + Ag = CgHg^c— + Aga. 

C3H,/ C,H,/ 

This compound when in solution shows a remarkable degree of 
unsaturation, forming additive compounds with many types of 
organic compound. It combines with the halogens, and with 
oxygen it forms a peroxide (CgHslaC — O — O — C(CgH 5 )a 

Triphen\draethyl appears to display’ a most remarkable form of 
tautomerism, no less than four isomerides apparentty existing. 
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TRIPHENYUVTETHYL 

(1) Molecular weight determinations show that m many solvents 

it exists as hexaphenylethane (CeHBlaC—CtCgHsla. 

(2) The soUd hydrocarbon exists m a colourless and an o^^-nge- 
yellow form. Analogy with the triphenylmethano dyes suggests that 

(sT^MMrrel^rkabfe of aU is its formation of positive and negative 

ions in certain solvents such as liquid sulphur djoxide. 

Many different views concerning its formul® have been expressed 
but thJ views of Gomberg, which are probably sound, are expre 

in the following equihbria: 


C(CeHj), (C,H,),C 


H 


C.H, 


Hexaphonylethftno. 

In dohation and 
colourless solid* 


(CeHslaO 




ClCjH j)3 

“C(C8H5)3 

Col.mred quinonoid Positive und 

form. negative ions’. 


COiOUTiO^a 


lODB* 


QUESTIONS 

. . in ronking diphcnyU dibonzyl, stiU 

(1) How is Fittig s du 4 tininauihc<l by rtimplo choinical tests? 

bene? How could the o-st two prepared? What is its com- 

(2) What is benzidine and how la it uauauy p« i 

mercial importance? honzil? How would you prepare the latter. 

(3) What ore benzoin and bonzin 

dvv.ba.o, a„d Uye hy duou.. 

Uig tho COSO of mnlacbite . /^formalus for phonolphtlialoin and its rod 

.ok ^'"r^U„^tr^ucrm.‘’cr Hooroscoin d.h.r 

from that of pheriolphtlmlein? converted into a blue dye- 

(7) How iu fuchsino made, and now cau 

fituil? 


CHAPTER XXIX 


THE TERRENES 


496. Classification o! Terpenes. — The terpenes are a group of 
unsaturated hydrocarbons, found in the essential oils and oleo-reains 
secreted by a number of plants. 

Their formula is (CsHe)^. They are classified as: — 


Hemi terpenes 
Monoterpenes 
Sesquiterpenes 
Polyterpenes 


CjHg. 

CioHis* 

C15H24. 

(C6Hg)4,(C5H8)9, etc. 


The terpenes may aU be regarded as built up from two or more 
molecules of the h3'drocarbon isoprene (§ 180): — 


H 


a 






C— CH=CH2 


The monocyclic terpenes of formula CioHj* may bo regarded as 
built up from two molecules of isoprene, and all have the carbon 
skeleton I or II sho^'Ti below. The bicyclic terpenes consist of two 
molecules of isoprene built into a double ring (III or IV). 


c 


C. c 
>-■■■■ 

t 


c 

c"\ 




c c-c, 
c 


( 




1 

# 





M 


III IV 


The dotted lines indicate the component isoprene skeletons. 
Sesquiterpenes have the formula C15H24; their carbon skeleton is 
V, or some simple variation of it. 

Pol^'terpenes of more complex structure are known. The 
ultimate product of condensing numerous isoprene molecules Into 
a single structure is indiariibber 

WhiK' iill the common terpenes have carbon skeletons I, II, HI or 

478 
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MONOCYCLIC TERPENES 

IV they differ in the arrangement of double and single bonds. Some 
of them are optically active and exist in d-, /-. and di-isomend . 


V'x -k X \ 

c 

others constitute the group of camphors. 

monocyclic TERPENES 

and a-pheUandreno found m eucalyptus. 

Their formulae are as below: — 


CH, 


CH, 


C 

H,C CH 


C 

HC CH 


H,C CH 


CH 


HC CHa 
CH 



C 

PhXh CH. CH, 

Orla o-lMiollandrene. 

It wiU be not^TZrtbese for.nu,. contain asyn-n.etrie carbon 


CV'> 

Kc. 


cV' 
\ 

c 




\ 


\ 




cir>cH, 

1 


\ 


cv'' 

\ 

V. 

• / ---H 
C." X 

I' 

11 
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THE TERPENES 


atoms. In the first formula the carbon atom is attached, it is true, to 
two — CHj — groups, but the ring as a whole has a different left and 
right side, and the formulis I and H cannot be made to coincide. 

498. Nomenclature of the Monocyclic Terpenes. — ^Aii the monocycHo 

terponcs with the side chains in the p-position are regarded as derived from a 
hydrocarbon terpane (sometimes called menthane)f the carbon atoms of which 
are numbered for reference as below: 


( 7 » 

CH 


CH 



\ . 4 ) // 

CH 

I 


‘•'CH 

'(5h^ch3'»®> 

On this system lirnnnono is called A' J ®^®^terpadiene (cf* § 167) 


C9li 


499. d-Limonene, ^Limonene and Dipentene. — These terpenes 
are the dextro-, l®vo* and inactive modifications of the hydrocarbon, 

CH, 

i 

c 

/X 

H,C CH 
HgC CH, 

CH 


C 

CH, CH, 

Their constitution is proved by Perkin’s remarkable synthesis of 
dipentene, which is outlined below. Two molecules of ethyl 
iodopropionat© react with one molecule of the dlsodium derivative oi 
cyanoacetic ester (§§ 256, 259) forming a derivative I. This when 
hydrolysed gives a second derivative II, which breaks up to an acid 
III, which when treated with sulphuric acid and alcohol gives IV, 
ethyl pentane-ay€-tricarboxylate. 
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SYNTHESIS OF DIPENTENE 


EtOjC 


COoEt 

m 

EtOaC 


COgEt 

1 

1 

CH, 

+ CO^Et 

I 

+ CH, 

1 

1 

CH, 

COaEt 

1 

CH, 

1 

1 

CHjI 

1 

NaC-Na 

1 ” 
ICH, 

^ j 

CH, 

\ 

C 

1 

-CH, 


1 

CN 



CN 



Cone. 

HCl 


HO 2 C 

1 


CHj 


CO 2 II 
COaEt i’Hg 
CH-. 


-i 


lio^c 

CH 2 

I 

cll.. 


io. 


0 NH 4 


I. 

CO«H 

1 

CO2II CII2 
C CH2 

II. 


HOgC 

CHa 

ill. 


CO..U 

I 

U Clla 

I I 

C— CH 2 

ic-all 

HI. 




Alcohol 

uixl 

lloSO.i 


Cl I 

I 

CH. 


il 

c 


CO-.Kt 

I 

CII 2 

CIU 


COgEt 

IV. 


Nu 


CO 

CHCOgEt 


CH, 

\ 


CH 


CO 

CU 2 

I I 

Dil. II 2 SO 4 H 2 C Clla 




CH 


CO,Et 

V. 


CH 

I 

COgEt 

VI. 


, •.» loses ethyl alcohol and gives ethyl 

This when treated with sodi .vhicb by <ligcstion with dilute 

C2/cZohexanone-2 : 4 -dicarboxy a giving VI, ethyl 

sulphurio acid is partly sapon ^^d „„,j.^tanco is then treated 

w^^rnTt^m^gnesiuiu ic^ido u\e trom^deTllI 

rWnd M into’an unsaturated compound (§ 108 ) IX. 
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CO 


CH, 

1 

C— OH 


CHa 

% 

\ 

CHa 


/ \ 

1 

CHa 

1 

CH, 

CHgMgl 

>- 

CHa 

CH 

\ / 

(§163) 

CHa 

CH 

> 


CH 


OH 


COoEfc 


VI. 


CH 


COjEt 

vir. 

CH, 


GBr 


/ 




\ 

/ 

'V 

CHa 

CH, 

CHa 
>- 1 

CH 

1 

CH, 

CH, 

CHa 

CH 

\ 

/ 

\ 



CH 


CH 


CO,Et 


COoEt 


VlII. IX. 

'Phis ia again trcatetl with metbylmagnesiurD iodide which converts 
the ester group into a tcrtiarv alcoholic group, so giving 

CH, CHs 


('ll 


C 


c 




c 

yT *V 

lUC CH 


1 1 .C 


CH 


/ 

\ 


X 

CHa 

CH 

CHa 

CH 

1 

1 dehydration 

1 

1 

CHa 

CHj 

CHa 

CH 

\ 

X by KHSO 4 

\ 



CPI 


(§ 177) 


CH 


CO OEt 


C(OH) 


CHg CH3 

^rorpiiic** A 


CH 

C 

/V 

CH,CH, 
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UMONENE 

terpineol (§§ 163. 502). This is dehydrated by heatiDg with potas- 
hydrogen sulphate (cf. § 177). when dipentene is formed^ 

d-Z/i^on^ne is obtained by careful fractionation of oil of ^tter 
oranges. It is a Uquid of pleasant odour and boils at 1 /o 1-6 C. 

^^“eL“rand"all the terpenes) have the charactedstics of 

tahea up bron^ine, giving a crystalline 
tetrabromide. __ 

CH* 


CBr 

HX CHBr 


H,C CH 


CH 


CBr 


CIK 


\ 

CHaBr 


In the same way it takes up two molecules °f 
forming a dihydrochloride, and two 

NOCl forming crystalline nitroso-chlorides. Addition pr 

al these amtomed by all unsaturated terpcnes and, bemg crystalluK-. 

are of much use in purifying and identifying them. 

Dipentene is the inactive form of hmonene coiiMsting ot ecpKi 

parts of the d- and the Z-isoineride. 

l-ZftmoncTie is found in oil of fir-cones. , , ^ 

a.Phellandrene occurs in eucalyptus oil. It exists 

forms. In general it closely resembles hmonene. 

600. Sylvestrene has a typo of structure dilTerent f.xnn that 


CH 


a 


H*C CH 

( 1 

H,C CH— €(■ 

\c/ - 

H, 
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the terpenea already mentioned in that it has the side-chains in the 
meta-position. 

It is an important constituent of Swedish and Russian oil of 
turpentine. It is rather more stable than the terpenea already 
mentioned. It resembles them in its formation of addition products, 
bromides, nitrosochlorides, etc. 


DERIVATIVES OF THE MONOCYCLIC TERPENES 

In addition to the halogen compounds and nitrosochlorides 
already mentioned, several important alcohols and ketones are 
derived from the terpenea. 

501. d-Menthol, CioH^oO. — Menthol is 3-terpanol 


/CHg— CH(OH). 
CH 3 — CH<; ^ 

\CH 


CH,/ 


ptt/ 

\l 


CH 


CH— CH 


2 'CHg. 

It is the chief constituent of oil of peppermint. It is an article of 
ooiniuerce and is obtained by cooling oil of peppermint till the 
menthol crystallises out, or by the hydrogenation (cf. § 334) of 
thymol. The latter process gives inactive or dZ-menthol. 

OH 

H I 

-C — Cv 6 H 

CH 3 

H H Catalyst. 

Thymol. 


CH 3 — C(" >C— CH. 


CH,— CH 


/CHj — CH. /CH; 

^ >CH— CH/ 


\ 


CHa— CHa 

rf/-MenthoL 


\ 


CH 


Menthol forms white cr 3 'stals with the smell and taste of pepper- 
mint. It acts ns a mild local anaesthetic and is useful for relieving 
toothache, rheumatism and the congestion of the nasal passages 
associated with a common cold. 

It has the properties of a secondarj’^ alcohol and when oxidised 
gives a ketone — merithone — or 3-terpanone. 

Menthol is closcl}’ allied to the camphors (§ 517) and is sometimes 
called menthol camphor. 

502. Terpineol, A^-terpen- 8 -ol, Cn,Hi,OH, 


CH 




H H 

C— C 
H, H 


OH 



CH 


CH 
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CINEOLE 


is an article of commerce, being used in perfumery (§ 507). 
obtained by boiling terpin hydrate (v. below) with water and j 


It is 
Uttle 


has a fragrant odour, resembling that of lilac. It is an 
unsatmated tertiary alcohol and therefore takes up bromine and also 
forms a nitrosochloride. 


503. Terpin, p-terpan-1 ; 8-diol. is obtained by carefully oxidising 
turpentine with nitric acid. It has the formula: 



It combines with water giving terpin hy<lrato, whuh 

pound* 

504. Terpin hydrate. 


is not tt cyclic com- 



^cn 

^CIl2— CII 2 


OH 


\ 


. . H ,0 


CHj 


obtaincKl 03 bcautiM crystals wbon four pur.s of furpou.iuc ur. troutod with 

readily lose, t«o .ooleculo, of u ator uud 

found in euculyptu, oil U ful'^a! 

ether Of terpin. It is a liquid, boding at 170-177 1 

'^It^ulf'bo m^^I by the uctiou of dchydruling .gon.H upon torpiu. 


Ha Ha 


CHa— C 




ClTg— CHa 


— /^Hj 

Nch— c< + n.jO 

1 


\cHa— CH2 

O- 


CH 


...Id « manv aubatancofl. Its compound with 
66 ‘ C"ani”ruae,i in the estimation .if the latter aubatance. 

606 Straight-Chain Compounds Derived from the MonocycUo 
T^Aes^ ^es of important artificial and natura perfumes 
S^r’of alcohols and aldehydes with a carbon skeleton only 
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486 

differing from that of terpane by having the 4 and 5 carbon atoms 
unlinked, as in terpin hydrate. 






Carbon skeleton of citral, geraniol, etc. 



Carbon skeleton of terpane. 


507. Natural and Synthetic Perfumes. — The naturally occurring 
fragrant substances which appeal to the senses as perfumes are 
chiefly alcohols, aldehydes and esters. 

The natural oil extracted from the flower or plant is always a 
complex mixture and frequently commands very high prices (£5 or 
more per oz.) owing to the minute proportion present. Artificial 
perfumes may be made up from isoUzies, which are separated from 


Substances used as Perfumes 


Hydro* 

carbons. ^ 

cf*Linionene. 

Lemon, bergamot. 

Alrobols A 1 

photioL^. ! 

I 

I't'rpinool. 

CitroiioUul. 

Goraiiiol. 

Eugene 1. 

Eugenol, 

Lilac. 

Rose. 

Kose. 

Rose. 

Carnation. 

Clove. 

AldohytlcB. 

4 

CitraL 

Hydroxy •ritronellaU 

Bonzalduliydo. 

Anisaldeltydo. 

Kthyl |jrotoeatocbiiic aldehyde. 
MetbyK*uo*protocatoc)mic aldehyde, 
l^lionylaeelaldohyilo. 

Lomon*verbena. 

Liliea. 

Almonds. 

Hawtliom. 

Vanilla. 

Heliotrope, 

Hyacinth. 


1 

, Herizy! acetate. 

Liualyl acetato. 

1 

: CJeranyl acetuto. 

Mothy! phony laoetato. 

1 p-Crosyl phenyl acetate, 

[ Ainyl Hal icy la to. 1 

1 Methyl hotutiute. 

Phenvleihvl bt'nzoate. 

1 

' Jasmin. 

Lavender^ berga* 
mot. 

Rose. 

Gardenia. 

Narcissus. 

Clover. 

Ylong-ylang. 

Rose. 

Other com- 
pounils. 

1 

Nitrohutyl-m* xylene. 

1 Benzylidoneacotono. 

•Undoealuctono. 

loaone. 

4 

Mtisk. 

Sweet*poa. 

Pcaohos. 

Violets. 
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PERFUMES 

the cheaper natural products, or from synthetics which are either the 
constituents of flower-oils made more cheaply by chemical methods, 
or are fragrant substances which do not occur naturally. 

The commonest constituents of perfumes are given m the table 
above. The natural oils are always much superior to the blended 
isolates or synthetics, and these latter may bo greatly improved by 
addition of a small proportion of the natural product. 

608. Citronellal. — 

^CH. 


,CH 2 — CH 


CHa— CH 


CH,— C 


CH 


CHO 

Citronellal is present in many essential oils, notably citroneUa oil. 
It is a liquid with a pleasant lemon-hke odour, boiling at -Oo 208 C. 

It has the usual properties of an aldehyde and also of an oleflne 

509. Citral (Geranial) is found in oil of lemon-^uss, ah® oil o 
oranges and oil of lemons. It may be purified by fornung the 
sodium bisulphite compound and decomposing this with soi lun 
carbonate. It is, Uke citroneUal. an unsaturaUd aldch.Ndo, 

CH,— 


CH.— C 


CH = C 


N 


CH— CHO 


"^CH 


8 


It an article of commerce, being used i.. the cheaper '''’‘•■^bena” 
scents and also in the preparation of other perlo.nes It ^n bo 
reduced to goraniol (§ BIO) and oxi.lised to p ramc ae.d the CHO 
group becoming in the first case -CH. 01 i n. *■'■<= ■ ; 

Its chief importance is in the ''‘‘''‘'‘b-- *■’ 

rose-scents, and ionono, the basis of synt u le \ lo e . 

610. Geraniol is found in geraniu.u and palmu-rosa ods, and .s 
much used for preparing artificial rose scents. Its formula is. 

« m 


CHa— C> 




CHo— CH, 




CH 


' \ 

N:H— CH.OH X3H 


8 


It U a primary alcohol; this follows from .ts format.o by the 

reduction of citral. It is usually W 

but can be made by the action of acct.c anl.ydr.do on Imalool. It has 

the ^operties to bo expoctcl of an nnsaturatcsl primary alcoliol. It 

can be oxidised to an aldehyde (citral) and further to an acid, 

®"T^“r"^‘ttion of citral and the action of acids on Unalool also 
yields nerol. 
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511. Nerol is a cia-trans-isomende (§ 217) of geraniol. 
may be represented as below: 


Geraniol and nerol 


(CHalgC : CH CHa CHa C CHs 

HC-CHa-OH 

Geraniol* 


(CHalaC : CH CH2 CH2 C CH3 

HOCHs’CH 

Nerol. 


Nerol has a pleasant rose-Uke odour, which differs slightly from that of geramol 

512. Linalool is isomeric with geraniol and becomes converted into it in 
acid solution- It has the formula 


OH 


CH,— C 


'\OH = CHa 



It occurs in many notural perfumes either free or, as m lavender oil, os 
liimlvl acetate. It is often prepared s>'ntheticaUy. Mothylheptenone is treated 
under suitable conditions with acetylene, thus forming the compound dehy- 
drolinolool: this is reduced with sodium amalgam, giving hnalbol. 




Clla— 


fll,— CO 


CH = C 


+ IIC=CH 




CH, 


CH 


3 


CH,— 


OH 

I /CH2— CHa 


'\CH = 




.CH, 
CH 


CH,— C 


OH 


I ^CUn-ClU^ 


'\CH=CH2 

Linalool. 


CH = C 


CH 

CH 


3 


513. lonono. — lonone, which is the basis of violet scents, may be 
mentioned here. The actual odoriferous principle of the violet 
cannot be made sjTithetically. lonone has, however, a similar odour 
and can be made cheaply from citral. Equal parts of lemon-grass 
oil (mainly citral), acetone and water are gently heated for a long 
time to about 35° C. or less, -nith a small quantity of caustic soda 
solution. The acetone is distilled off, the remainder is acidified, and 
psnudo-ionone is separated by fractional distillation. This is converted 
into ionone by treatment with 70 per cent, sulphuric acid, a- and 
lonone are formed, and are purified by fractional distillation. 
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CH, CHa 

X/ 

c 


CHjCH 



CH* CH CHO + CH3 CO CH5 

I II Acetone. 

CHgC-CHs 

Ullf 

Citral. 

CHgCHa 

X/ 

c 


c 

/ 

CH CH-CH 


CH— COCH 


CH,CCH 


CH* 

P:^©iido-i<>not»e. 

CH.CHa 


CH CHCH=CHCOCH* 


CH*CH— CH=CHCOCH* 


CHaCCH, 

xx 

CH 


Q-Ionoiio. 


CHaCCH, 

X/' 

c 

crystaULne 30.1^ Hs^^racte.istio odour of 
violets is only manifest in extremely dilute solution. 

BICYCLIC TERPENES 

1 1.1 liQVo the carbon atom 

The bicyclio terpenes and their den vatu e 

skeletons I and II; — 


C 


4 




c 


X 


c 


1 

c 


X 


X 


c 


c 

I 





The moat important membera of ^ ^ aYcro^'^nd 
ptnene. the chief constituent of turpciitme, 

ketones kno^vn^ term turperUine strictly means the 

514 . OU o! Turpentine.— iho ^ pines and firs. 

‘oleo-rcMins' which exude from many comic , 
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These are of a sticky consistency and, when distilled, are converted 
into hard transparent rosin (colophony) and oil (or spirit) of turpentine. 

Rosin consists mainly of abietio acid, an aromatic compound 
containing several carbocyclic rings. Like the fatty acids it gives 
soaps with alkalis, and these resin-soaps are much used industrially 
(§430). 

Oil of turpentine or ‘turps* is a mixture of numerous terpenes, and 
a-pinene (§ 516) is its chief constituent. 

It finds many uses, being employed in the manufacture of paints, 
varnishes and disinfectants. In medicine it is used in embrocations as 
a counter-irritant. It is decidedly poisonoiis, having a strong 
irritant effect on the bowel and kidneys. 

515. a-Pinene is the chief constituent of oil of turpentine. It is 
extracted from it by fractional distillation. The crude product is 
converted into the nitrosochloride (§ 499); this, on heating with 
aniline, gives pure pinene. 

Pinene has the formula: CHj 



it will bo noted that it contains asymmetric carbon atoms (sho^>^l 
in bold typo), and therefore exists in dextro- and Itevo-modifications. 
f/. Pinene pr<^ominatc8 in most (but not all) types of turpentine. 
a-Pinene is a colourless liquid with the familiar odour of tur- 




491 


PINENE 

pentine. It boils at 15&-157" C. It is insoluble in water, and is a 
good solvent for most organic subsUnces: also for sulphur and 

^ Pinene is a very reactive unsaturated compand. It absorbs 
oxygen from the air, forming a resinous mass, ^en shaken with 
warm water and air, a solution conUining hydrogen peroxide is 
obtained. This has disinfectant properties and is an article ot 

Pinene is easUy transformed into other terpenes. Thus at 250- 

270° C. it gives dipentene (equation on p. 490). *.• <• * 1 ,^ 

It forms a nitrosochloride and a dibromide, the formation of the 
latter showing the presence of a double bond It also absorbs 
ozone, forminl an ozonide, which was of use in setthng the formula 

ozone* 

CHa 

! o 

I 

C) 




HC\ 


CH 



reacts with hydrogen chlori.le forming a white volatUe 
I™" .1 ‘nrtkial camphor.* This is often called pmene 


Pinene . . 

substance kno^^Ti as ‘artificial campao) 
hydrochloride, but is actuaUy bornyl chlorulo. 

CH, 


H,C 


H,C 



CHOI 


CH 
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It is altogether different from true synthetic camphor (§ 617) which 
contains no chlorine. 

The oxidation of pinene by means of nitric acid gives terpin 
hydrate ( § 504) , while hydrogen peroxide converts it into terpineol. 

516. Camphor and Bomeol. — The two chief products known as 
camphor are Japan camphor which is a ketone and, of less importance, 
Borneo camphor or borTieol, which is a secondary alcohol. It will 



Camphor. 


CH, 



Bomeol. 


he clear that bomeol can be oxidised to camphor and camphor 
redxiced to bomeol. 

517. Camphors. — Camphor is obtained by steam-distilling the 
branches and leaves of the camphor laurel — a tree which grows in 
Japan and China. Crystals of camphor separate from the condensed 
lupiicl. The crude product is sublimed in order to purify it. 

Synthetic camphor is made from turpentine. By treating this 
with hydrogen chloride, bomyl chloride (§ 516), ‘artificial camphor’ 
is made. This is converted into the hydrocarbon cam-phene by 
varioiis methods (heating with alkalis, alkali carbonates, lead acetate, 
etc.). 

Campheno is converted into the alcohol woborneol by heating 
with 20 per cent, sulphuric acid, and wobomeol when oxidised by 
chromic acid, etc., gives the ketone camphor. 

The camphor so obtained is the ^/-variety, while natural camphor 
is dextro-rotatory. In other respects the natural and artificial 
products are identical. Camphor forma transparent lustrous crystals 
which melt at tvs'* C. It has a very large freezing-point depression, 
and is therefore used as solvent in molecular weight determinations 
(§ IG). It boils at 204° C., and sublimes very readily. It is perceptibly 
volatile even at room temperature. 
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CH 



CHj 

11 

C\ 


HoO 


alkalis 
>“ 


CHvCCH 


HjC 


\ 


-CH 

HaO H- HjSO^ 


CHa 


\ 




Boroyl chloride 


C 

li 

Caiuphene, 


CH 



CHs 

1 

/Cx 


o 


HaC 


H,C 


CHvCCH 


CO 


CHa 


iso-Bomoo (Storeoisomcrido of bomool). 


(’ 

H 

Camphor. 


It is almost insoluble in wat^r. but dissolves freely in organie 
solvents. „t„rated compound. \Vhen heated with 

pho^pTor^a pon^^xTao it yialda cy.nene^(l ^ 

in its formation of an oxima, 

CioHie:N-OH. ^„nnfacture of celluloid (§ 290), and is 

Camphor is used m the anajsthetic as in 

used in medicine as a counte 

•camphorated oil/ 

618. Borneol. the fornmh. whichVow-'*'"''" IiidicH— 

to It and is formed by its oxidation. 
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CH 


CH 


3 



oxidation 



H 



amphoric acid 


COOH 

Cainphoronii* ai-id. 


SESQUITERPENES 

The sc.scjtiiterpenea have the fortniila, C 16 H 24 , and carbon akolotons as 
iij.lic-ntecl in § 406 (V). Tliey are not of great importance but are widely 
liistributed in various aromatic oils. Cainpiiors derived from them are known 
and arc fouini in essential oils such as that of cubebs and patchouli. 


POLYTERPENES 

Piilyterpenea of fornuiln (C,.Ha), where n may be as high as 8 are known. 
Indiariibber is probably a highly complex polyterpene {§ 1«0). 


QUESTIONS 

( 1 ) \\'hat nrrangemont.s of carbon atoms charnctorise the mono-cyclic and 
bi-ovclic tcrpencs? Whut relation have they (a) to the alkyl benzenes, ( 6 ) to 
isoprono? 
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(2) Wliat are camphoieT How can ordinary camphor bo Bjmtheaised from 

pinene to be regarded as an unsaturated compound! A terpene of 
y when treated with bromine gave a crystallme bromide con- 

examples of important perfumes derived from the terpenes. 



CHAPTER XXX 


COMPOUNDS WITH CONDENSED BENZENE NUCLEI 


619. Condensed Benzene Nuclei. — Several important hydro- 
carbons consist of two or more benzene nuclei so combined as to have 
two carbon atoms in common. The three most important hydro- 


H 


H 


H H H 


HC 

^ 9 

C 

CH 

HC 

C 

c 

CH 

1 

11 

1 

1 

1 

II 

1 

HC 

c 

CH 

HC 

C 

c 

CH 


Xc/Nc/ 

H H 

Naphthalene. 


Xc/Xc/\c/' 

H H H 

Anthracene. 


H 





H H 

C=Cv^ 


H 



\c=c^ ^c=c^ 

H H H H 

Phouimthrene. 


CH 


carbons of this type are naphthalene, CjoHg, anthracene and phen- 
anthrcne, both C 14 H 10 , but many others exist. 

Thus, picene, Ca 3 Hi 4 , consists of five benzene nuclei linked together 
in this manner, and other hydrocarbons are even more complex. 

I'lie cvi<li-ncc on which these formulaa are based is considered under 
the heading of the individual hydrocarbons. 


NAPHTHALENE AND COMPOUNDS 
520. Manufacture of Naphthalene. — In spite of the large quantities 
used in the dye industry, naphthalene is a substance of which the 
supply exceeds the demand. 

Crude coal-gas contains a notable proportion of this hydrocarbon. 
A part condenses with the tar, while a portion passes on os vapour. 
I'ho vapour of naphthalene is objectionable in coal-gas for it tends to 
condense in the service pipes and block them. It is therefore re- 
moved, usuall^^ by bubbling the gas through crude oil wiiich readily 
dissolves it. 
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SYNTHESES OF NAPHTHALENE 

Naphthalene is produced commerciaUy from 
this is distilled (§ 337) the fraction which bods between 180 
2 ^“ C. crysteUisls on cooling. The erystale are 

and then heated and pressed. The product .s t“ted wrth a hU e 

:xrrt.:nras“^ :^rh ir anVatah a&;:u\hnred 

H H 

C CH 

II I -j" HjO. 

C CH 

Xo/ 

U OH 


H 


/CHj 


HC C CH 

I II 

HC CH 

Nx' 

2 COOH 
H H 

Zn HC 


HC 

1 

HC 


C 


CH 


HC C CH 

Nc/Xc/^ 

H H 


(2) o-Xylyleno bromide reacts with 
sodium ethanetetracarboxyUc es^r. 
Kiving a compound which when hydro- 

Ivsed gives tetrahydronaphthalenedi. 

carboxylic acid, the silver salt of which 
breaks up when distilled, yielding 

naphthalene. 


CO OEt 


HC C 


HC C 
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H H 

C C 

HC C 


HC C 

H H. 
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1 

Na • 

1 

» 
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$ 

1 
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> 

H** ' 
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✓ 

CH CO,H 

1 

HC 

1 

CM CO,H 

HC 


CO OEt 


CH CM. COOEi 

/ N V • / 

HC C^ C -COOhi 


I 

C 

) 

CO Obi 


CO Obi 


HC C C- COObt 

X X / \ 

t CM. COObr 
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X 'v 

tHCO.A^ 


H H 

N /""S. 
Ht C 


CH 
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CM CO,A|C 
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HC C CH 

X'' X*^ 
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582. Structure of Naphthalene. — ^The two methods of synthesis 
described above indicate a pair of linked hexagonal rings, one of 
which is a benzene nucleus. The following proof, due to Graebe, 
shows that both rings are benzene nuclei. Naphthalene is converted 
into a-nitronaphthalene. Of this a part is oxidised and o-nitro- 
phthahc acid is produced. This shows that the ring in which the 
nitro-group was substituted is a benzene ring; for phthalio acid 
(§ 468) contains such a ring. 

The other portion is now reduced to a-naphthylamine and then 
oxidised. The product is phthalic acid, not amino-phthalic acid. 
The ring which did not originally contain the nitro-group must 
therefore also be a benzene ring. 


H H 
I A II B I 


NO* 


HC 




X’H 



H H 

o-Nrtj^litliy lainino. 

H 

HO-OC^ 

^CH 

II B I 

C ^OH 

HOOC/ 

H 

o-l’lithalio acid. 


H 



NO 


UO-OH 

HC ^ 

I A II 


o 

H 



COOH 


o^Nitrophtbalic acid. 
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NAPHTHALENE 

523. Substitution Products of Naphthalene. — The number of 
substitution products formed from naphthalene confirms the view 
that its molecule has the double hexagonal ring structure. 

We find that: , u j 

(1) Two isomeric mono-substitution products only can be made. 

Thus there are two monochloronaphthalenes which we may write 


a 





«.Chloroniipbthalone ^.Chlornnnpl.tbiilone. 

as above. The student should satisfy himself that >he Cl 

poup is placed in all the eight possible positions only two different 

isomerides can result. i 

(2) There are ten ^ possible disubstitution products p - 

dieted from the above formula, and in the ease of the chloronaphtba- 

fen^ auTn are known. The tri<=hloronaphtlniUuK. fou^^^^ 

number, correspond w'ith what would bo expec ‘ | 

formula. The positions of the groups in polysul.st.tut.or pro<lucts 

of naphthalene are indicated by numbers a.s shown below. 

8 1 



When the substitutents are in the same ring the term.s ortho-, ineta 

and para* can be used as for b<*n/,i no l enva i ‘ i .j o - (j tlio 
The 1:8 position is called the y.cri-pos.tum and the - .0 

ampAi-position. Manhtholene Naphthalene is a white 

624. Physical Propei^es of Napl^th^ene.^^ 

BoUd crystalliflmg in ^ It is volatile at teini.eratures 

melts at 80^ C. and boils at 218 O. ° 

even below its melting-point Bohib'lo in benzene. 

It is almost insoluble m water but is easily 

alcohol and other Manhlhalene.— Naphthalene burns 

626. Chemical Properties of Naphtl^e J properties it 

with an exceedingly smoky Uamo. ‘ ^ 

shows a close ^ea^triith Uie substaucea which 

Naphthalene reacts 

.lifr«runt. fourUxJU diMubr^titutioii pro- 
» U the two eubBtituent groupH are difleront. 

ducte are poaBible. 



-C^C 
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react -with benzene, e.g.^ chlorine, bromine, sulphuric acid and 
nitric acid. 

The substituent group ordinarily enters the a-position (§ 523) hut 
sulphuric acid gives a /3-substitution product also. 

Thus when chlorine is passed into boiling naphthalene in presence 
of ferric chloride a-chloronaphthalene is produced. 

Cl 

H H H I 

V /\/\. 

HC C CH HC C CH 

I II I +C1, = I II I 4-HCl 

HC C CH HC C CH 

X^/Xc^ Nc^^c^ 

H H H H 

Bromine reacts in the same manner. Like benzene, naphthalene can 
also form additive compounds with chlorine; these are formed by 
the action of chlorine on the hydrocarbon in absence of a carrier. 
Naphthalene dichloride and naphthalene tetrachloride are formed 
in this way. 


HC 





c c 

1 c 



\ 


a 


Sulphuric acid converts naphthalene into both a- and /3-naphtha- 
lenesulphonic acids. 


SO3H 




and 





The action of nitric and sulphuric acids on naphthalene 
3 delds first a-nitronaphthalene, I., and by further action the 



NAPHTHALENE 
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REACTIONS OF NAPHTHALENE 


SO^K 





Nftpiuha}enc-(r*'fuIphoni€ H K) 



4 cid 


Chloronaphih^cA 
NO 





SO,K 


N ^ r I U* 4 1 c r. c •/? - S ulphooic 


Tctnlia* 


H 

H 


C 

HC^ < 

1 1 

: CH 

1 1 

1 1 
»v' 

1 1 

H 

» 

NAPHT 

HALtNE] 


O. 

H Y 

c COOH 


HC 




a • Nit/pn^pb ihalene 
1 ' 



C COOH 
H 

i'hil«4liV aciJ 


a- NapbthyUniiitf 

J S 

~ N- 


HH 



Azo^iSye^ 


Napliihalcne* 

C’ diAMiniuiii ciUuri<lc 


NO 


NO 




II. 


OH 


fi— Napbthol 


NH. 


NH 


N .ij luh> loniirve 



f / Njpluliatciw^- 
*/ chto/uU 



-C Ul.^t . njip!»Ui4J<nc /c-.o 

MKO, 


NOj 





NO, NO, 



1 : 6- and 1 : S-dorivatives of j^jiugd of tho respective 

Further details are fedvcn under the hcaU.nb 

aubstitutioa products (§§ GiG *> )- 
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When compressed hydrogen is agitated with boiling purified 
naphthalene in presence of a nickel and copper catalyst, tetra- 
h 3 'clronaphthalene and decahydronaphthalene, telralin and decalin, 
are formed. 


y 

HC 


C CH 


HC C CH 


H H, 

yS/S 

HC C CHa 

I II I 

HC C CH, 
H H, 


H, 




HoC 


CH 


H,C 


CH 


H, H, 


These are articles of commerce and are liquids, much used as solvents 
in the making of lacquers, varnishes, polishes, etc. The formation 
of these substances is strii tl^' analogous to that of the hydrobenzenea. 

WTien heated with sulphur they can be deh^'drogenated to naph- 
thalene. 

C,oH,, + 2S = C,oH,+ 2H,S 

Similar reuctioms ma^’^ bo carried out vith many saturated ring com- 
pounds, e..g., the terpones. Selenium may replace sulphur. 

The efTcct of o.xidation on naphthalene is to form either phthalic 
acid or phthalic anhyclride, or naphthaquinone. 


IH' C CII 


^O^CCOH 
HC C 


90 


-j- 2CO.> + H..O 


IK’ 


CH 




HC C 

N::^^cooh 
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NAPHTHAI.ENE DERIVATIVES 

Oxidation with air in presence of vanadium 
centrated sulphuric acid in presence of mercuric sulphate y 

acid potassium permanganate gives o-phthahc aci or p i 

of eUroo,ic acid in acetic acid, howovec, 
gives naphtbaquinone (§ 534). 


H 


HC 

I 

HC 


y 


H 

C 


lie 


C CH 

II I + 30 = 

C CH HC 

xcy\<y" 

H H H 


O 

11 

C. 


c 

11 

c 


CH 

II 

CH 


+ lIoO. 



Teat.-Napbthalene ia reegniaod by its forming a yellow crystal- 
line ‘picrate/ CioHa'CaH-^lNO^lsOH- 


NAPHTHALENE SUllSTUT Tl( )N PRODUCTS 
These closely resmnble the 

;rv 1 >n\\‘‘“hrr:rc:::fnr:;:dcl.‘ arV 7,01 con,.ao,. t.. bcnr,ene and 
naphthalene compouiyls. naphtl.alcne exist, as alreaily 

The monosub-stitution pro.lucts o ^^1^ 

stated, in two napb'ti.alene while the ^-furins are 

a-form» are made dircctlv t I 

ma<lo from nai.htlial.Mie-/?-suli.liomo acl. 


naphthalene 


Direct 


a-Derivatives 




Hub.stitutiun ^,»v;.4j,|ithjtleiie.suli)hoiiic acid 

e-Derivatives 


and Bromonaphthalenes. — The direct 
act“- 0 ““ or troarinc oo nap., tl, alone (§ r,25, yields a-mono- 
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chloronaphthalene and a-monobromonaphthalene. Tlie jS-deriva- 
tives can be made by beating these with aluminium chloride or &om 
/S-naphthylamine {§ 532) by Sandmeyer’e reaction (§ 399). 

They closely resemble chloro- and bromo-benzene but are rather 
more reactive, though much leas so than the alkyl halides. 

Further action of the halogens gives di- and tri> substitution 
products. 

527. Naphthalenesnlphonic Acids. — When dnely powdered naph- 
thalene is stirred for many hours with concentrated sulphuric acid 
at 40*^ C., Daphtbalene-a-Bulpbonic acid is the sole product, and at 
temperatures up to 100® C. it predominates. 

When naphthalene is heated with sulphuric acid at 160 — 180® C. 
the ^-acid is obtained. 



so, OH 
H I 


H H 


H H 
C C 

^C-SO, OH 


HC C CH 
H H 


The solution in each case is poured into water, filtered hrom 
unattached naphthalene and neutralised with calcium carbonate, 
giving the soluble calcium naphthulenesulphonate and insoluble 
calcium sulphate. Treatment of the solution with sodium carbonate 
gives the sodium salt of the acid. 

CioHs + H,SO* = C^oHjSOaH + H^O 

2CjoH, S08H H- CaCOs = (Ci^^B^-SOalaCa + CO^ + H,0 
(CioH/SOjlsCa + NaaCOg = 2 CioH 7 -S 03 Na + CaCOg j 

The acids and their salts resemble benzonesulphonic acid {§ 351) 
in most respects. Their chief use is in making the naphthols (§ 628). 

Di- and tri-sulphonic acids can be made and can be converted into 
other hydroxy-naphthalenes. 

528. The Naphthols. — The two compounds CjqH^'OH, analogous 
to phenol, are known as a-oaphthol and /3-naphthol: 
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OH 


a-Napl.thol. /i-Naptithol. 

The synthesis of a-naphthol from y-phcnyliiocrotonio <1) ) 

shows that „-naphthol has the first formula and not the second. 
They are substances of importance in the dye-indust y- 
Both a- and /5-naphthols are made from soJmm naphthalene- 

Bulphonates by fusion with alkali (cf- Expt. 0- i vield 

Lke phenol they may be couplod diazomum salts and yield 

many v^uable azo-dyes (§ 402). Tbeir Bulpbomo acids. 

HO CioH^ SOgH and HO CioHslSOgH),, 
of which a grfat number are known, are also employed in this way 

629. a-NaphthoU 




dissolved in water and acidified. 

C.„H, SO.Na -h 2NaOU = C.oH. ONa + Na.SO. + H.O 
C „H, ONa + HCl = C.„H, OH + NaCl. 

® 1 Thurified bv distillation under 

<i.Naphthol separates and can be punneu ny 

prepare 

and warm. 

riL7th\?i° phen“ol. U \?very sparingly soluble iu water but is 

readily soluble in most ^any of the reactions of 

Chemical a naphthoxido: 

phenol (§ 354). It dissolves in alkalis fe i 

C H, 0 H + NaOH = , 

in the dye industry. 
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Among the reactions which it does not share with phenol is its 
ready formation of a-naphthyl ethers. When heated with methyl 
alcohol and sulphuric acid at 140® C. under alight pressure, naphthyl 
methyl ether is formed: 

C10H7OH + HOCH3 = O— CHa + HjO, 

as an oil, with an orange-blossom-like odour. 

Its reaction with ammonia is also a point of difference from 
phenol. Thus when heated for a long period with ammonia under 
pressure, or better, ammonium bisulphite, it gives a-naphthylamine: 

C10H7 OH -h NHa = C10H/NH2 + HjO. 
a-Napbthol forms a nitroso-compound with nitrous acid (cf. § 354). 
530. )9-NaphthoI 



is prepared from sodium naphthalcne-^-sulphonate by the same 
method as is used for a iiaphthol. 

It cr 3 ’'stalUscs in tables which melt at 122" C. and boil at 285 — 
2S6® C. It is less volatile at lower temj>eratiu*e3 than a-naphthol. 
It has decided antiseptic properties. 

In its chemical properties it closely resembles a-naphthol, bxit is 
rather more reactive. Its alkyl ethers have orange-blossom-hke 
odours and are used ii\ perfumery. Ammonia and ammonium 
sulphite convert it into j8-naphthylamme. 

Nhtrous acid gives a-nitroso-^-naphthol which is used in analysis. 
It gives insoluble precipitates with cobalt, iron, copper, etc., and 
the difficult separation of cobalt from nickel and of iron from 
alimiinium is readily performed by precipitation with nitroso-^- 
naphthol. 

a-Naphthc)l may be distinguished from jff-naphthol by its reaction 
with ferric chloride. a-NaphthoI gives an opalescent liquid which 
throws down a \iolet ppt. of aa'-dinaphthol, w'hile ^-naphthol gives 
a green liquid w'hich gives a white precipitate of /S^'-dinaphthol. 

531. Ni^onaphthalenes. — UTien naphthalene is treated with cold 
nitric acid {d * 1*33), a-iiitronaphthalene is formed: — 

CioHs + HNO3 = CioH.NOj + H3O. 

At higher temperatures various dinitronaphthalenes are produced. 
^-Nitronaphtbalene is prepared from /3-naphth\iamine bythediazo- 
reaction (§ 399). 

a-Nitronaphthalene forms yellow crystals melting at 61 " C. It 
much resembles nitrobenzene (§ 36S) in chemical properties. Thus 
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it can be reduced to a-naphthylamine and further nitrated to di-. tn 
and tetra-nitronaphthalenes. 



NO, 


532 The Naphthylamines. — The naphthylaruines, CiqH, Nllj. in 
made from nitrobenzene (§ 380). 

NOj 


^-Nitronaphthalone cannot be 

under pressure: 


SOgNa 




Oil 




>✓ . « 1 • 

• \\\j wrL'^liillCT witil SOU It Jill 

Unchanged naphthol is ia^distilled under 

hydroxide solution and the ^-naphtii> lam 

reduced pressure. colourless scales. It 

has an unpleasant fecal odour. It molts 

L the characteristio propeHjca of^a^..nm^ry_a- 

Its salts may be d-n^^otised and val^ „_naphthylamine 

from these solutions. 1 he analogous to sulphanilio acid 

sulphate yields naphthionic acid, analog 

(§ 387 ): 
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NHj*H 2 S 04 nh. 



S03H 

This substance when diazotised couples with phenols and gives 
many good red azo-dyes. 

j9-Naphthylamine forms colourless lustrous scales which, unlike 
the a-compound, are odourless. It melts at 112® C. and boils at 
294® C. 

It is of not much value for the manufacture of dyes, but is useful 
for preparing the other jS-substitution products of naphthalene 
by the various diazo-reactions (§ 399). 

The naphthylamines may be distinguished by their odour and 
also by the fact that a-naphthylamine gives a blue ppt., soluble 
in chloroform, when ferric chloride is added to a solution of one of 
its salts. 

All the ten possible diamino-naphtbalenes are known. 

533. Naphthoic Acids, CjoTI,-co oh. ar? knovrn. The hydroxynaphthoie 

acids, aiialdcous to salicylic acid and made in an analogous maonor (§ 450), 
are otnploved in the dye industry. 

534. NaphthaQUinOnes. — Several naphthaquinoncs exist. The only im- 
portant derivative of those is the black dyestuff naphihazarin S, which is a 
diljydroxynaphthacjuinone. Its likeness in structure to the important dye 
Alizarin, dihydrosj'anthrnqiiinono, is'of interoet, 

O 


OH I 



O 


.fVOT’HRACENE 

535. Manufacture of Anthracene. — Anthracene, C 14 H 10 , forms a 
considerable part of the fraction of coal tar boiling above 270® C. 

This fraction, when set aside, partly solidifies to a mass of anthra- 
cene crystals mixed with oil. The mass is centrifuged and subjected 
to heat and pressure. The crude anthracene is recrystallised from a 
mixture of p 3 Ti 4 line bases (Chapter XXI.), and then sublimed. 

536. Synthesis and Structure. — The analogy of anthracene to 
naphthalene sutrgests a triple hexagonal formula; 



ANTHRACENE 
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H H H 

HC C C CH 


HC C C CH 

Xc/^XcXXc^ 

H H H 

and such a formula will be seen to agree with most of 

and to explain the fact that three monosuhstitution products are 

‘“s3;iLf-Anthracene has been made by the Fricdcl-Craf^ 
reS't^n fX acetylene tctrabromide and benzene m presence of 

aluminium chloride. 


HC 


X 

CH 


HC CH 

NqX 

H 


Br Br 
Br Br 


HC 


'X 

CH 


HC CH 

\c^ 


/V 


HC C 


HC C. 

1 1 11 1 + 4HBr 

HC C C CH 

H H H 

- 4 • the treatment of 

1 :tnaXn“lnonc (.fwiV^tmllcne to form 1 : .t.libydroanthra- 

O H 2 


c^ 

CH 


CH 2 


rn 


CiO, 


H, 


1 


II 
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O 



o 


m 

quinone (n). Oxidation with chromium trioxide gives anthraqui- 
none (in), wliicii on distillation with zinc gives anthracene. 

Several other methods of S 3 mthesis have been found {e.g., from 
o-bromobenzyl bromide and sodium) and these also indicate a triple 
hexagonal formula. 

537. Physical Properties ol Anthracene. — Anthracene forms 
colourless tabular crj’stals which arc fluorescent. It melts at 
213° C. and boils at *351° C. It is insoluble in water and rather 
sparingly soluble in most organic solvents — most ejisil}^ in benzene. 

.Anthracene has the peculiar property of becoming poI>unerised 
wlu’n its solutions are exposed to sunlight. Dianthracene, (Ci 4 Hn,) 2 , 
i.s forme<i, which differs from anthracene ic being much less soluble 
and les.** reactive. 

538. Chemical Properties of Anthracene. — Anthracene shows a 
L’ciicral resemblance to naphthalene and benzene but is decidedly 
less reactive. 

(’hlorint* and bromine form substitution products, t.g., CnHgCl, 
and iuhlition products such as C| 4 Hi(>Cl 2 . 

With sulphuric acid it gives an anthraconemonosulphonic acid 
and several disulphunic nci<is. 

Anthra(“t no is nitrated hy nitric acid in acetic anlj\*dride at 
I.’)'-'' — 21)’ ('; i)-uitr«»anthracenc ami 1) : 10-dinitronnthraccne have 
been obtained hy tliis methcnl. 

Pecduction converts it into h.vtlridos such as Chilli 2 . Ci 4 H 24 . 

O 



+ H2O 
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ANTHRAQtJINONE 

they givehydroxyanthracenee. 

with sodium hydroxide*. 


OH 


OH 




OH 


.AntW. 

Anthranol is prepar«‘d by TlLy uro not of 

The hy<iroxyantl)racoi»t>b somou hut r.v^ 

practic&l importaxice. 

641. Anthraquinone. — 


I 

X 

HC 


HO 


C\\ 


(’ll 



U a substance of consiacrab.c t-bnic^ 

factureci either from antliracenc. or nthc t.cally . I 

-r ,. »— c'Tiss r. :i;'»“z2 
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O 



+ 5H2O + NajSO* + Oa(S04), 



this is further purified by regulated beating with sulphuric acid 
which converts residual anthracene into the soluble sulphonic acid. 
The anthraquinone is finally sublimed. 

In the laboratory a solution of chromium trioxide in acetic acid 
may be employed. 

Expt. 106 . — Preparation of Anthraquinone . — Three grams of 
very finely powdered anthracene and 140 c.c. of glacial acetic 
acid are heated in a fiask fitted with reflux condenser till all the 
anthracene has dissolved. If a portion remains obstinately 
undi.sftolved it must be filtered off. The solution is again heated 
and a solution of 30 g. of chromium trioxid© in 16 c.c. of water 
and 15 c.c. of acetic acid is added a little at a time to the boiling 
solution. Heating is continue<l for an hour and the liquid poured 
into 500 c.c. of cold water. After some hours the precipitate is 
filtered off, washed with water, dilute caustic potash solution, 
and finally again with water. 

(2) Much anthraquinone is now made by treating phthalio 
anhydride and benzene wath anhydrous aluminium chloride. 

'J’he product, o-benzoylbenzoic acid, when treated \vith sulphuric 
acid givc.*^ anthraquinone: 



+ H2O 

Anthraquinone forms yellow needle-shaped crystals which melt 
at 2S5^ C. It boils at 379— 381® C. 
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ALIZARIN 

It is much more stable than the benzoquinones (§ 363) and rather 
resembles a ketone (e.g., benzil, § 482) in its properties 

When reduced with zinc dust and caustic soda it giv^ fir 
oxanthranol, in this respect also resembling a straight-chain keto 

and differing from the quinones. 

^CO 





II OH 

Reduction with tin and hydrochloric acid gives anthranol. 

H 
C 




With sulphuric acid it gives a.dhraquinonesulphonic acids from 
which the important dihydroxyanthraqumonc, the dye ahzarm. 

obtained. 

642. Alizarin, 1 : 2-Daiydroxyanthraqulnoiio.— 

CO. 



Alizarin has been known as g^ut qua 

plant, madder, liuhia rubenjthrt acid, which is 

contains in its root a glucoHicit. (§ rtml alizarin, 

readily hydrolyHod by enzymes, ^ Anthracene 

Ahzarin is now i-ariably prcparcd^syrdha.ca^y^ 

(or phthalic anhydride and ben e ? , . mainly to the 

quinone (§ 641). The anthraquinono sparingly 

anthraquinono- 2 .sulphomc acid 1 readily obtained. 

soluble; sodium anthraquinonc-.. V.v/iroxido and a little potassium 
The product is fused with sodium I > 

chlorate, when alizarin is formed. 
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-}-3NaOH+ O = 


+ NajSO, 4- 2HaO 

The melt is allowed to cool and is dissolved in water. The deep purple 
solution of the sodium salt of alizarin is acidified and the orange-red 
dye is precipitated. 

Alizarin forms fine red crystals which molt at 289® C. It is but 
sparingly soluble in water. 

Being a phenol, it readily dissolves in alkalis and a deep reddish- 
purple solution is formed. This solution reacts with numerous 
metallic compounds giving insoluble metallic salts known as lakes. 

Alizarin is a mordant dye. The material to be dyed is impreg- 
nated with a sohitioQ of aluminium acetate and then is heated in 
steam. Aluminium hydroxide is formed by hydrolysis and deposits 
on the fibre. The material is then dyed with a solution of the so^um 
salt of alizarin, which reacts with the aluminium hydroxide giving 
the red insoluble aluminium salt of alizarin. 

Tin and iron salts are also used in mordanting the material. 
When cotton is dyed with alizarin it is previously treated with 
‘Turkev-red oil’ obtained by acting on castor oil with sulphuric 
acid. The action of this liquid is obscure, but without it the fine 
‘Turkey-red’ cannot be obtained. 

Expt. 107 . — Mordant Dyeing xcith Alizarin . — To about 0-26 g. 
alizarin add a few drops of caustic soda solution and dissolve 
tlie product in about 10 c.c. of water. To 4 c.c. of this solution 
add excess of aluminium sulphate solution and filter. A fine 
red ppt. of the ‘lake’ is obtained. 

To some aluminium sulphate solution add excess of ammonia 
and filter. Boil the precipitated aluminium hydroxide with 
just enough dilute acetic acid to dissolve it. Boil a small piece 
of cotton cloth ill this solution. Squeeze out the excess of liquid 
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PHENANTHRENE 
and warm the damp cloth over a flame, but do not let it 

a second smaU piece of cloth by dipping it ii. diiute 
ferric chloride solution, drjdng olf the excess of liquid «ith 
absorbent paper, and finally bolding it in the 

evolved by a little 0-880 ammonia m the bottom of a 

%^Uute the abzarin solution to 200 c.c. and boil ‘be mordanted 

cloths and also an uninordanted piece of cotton in it. < 

^bo piecL iveU in running water. The the 

piece is dyed red. the iron-.nordante.l piece Molct. nliilc the 

unmordanted portion is but faintly coloured. 

TlvftS AUied to AUzarm.^AU il.o |,>droxyan(hra<iuinones 
with OH groups in the ortho-position uro t--,. lur exami , i 

Alizarin orange. 

on 

Oil 
NOo 




and Alizarin blue, which contains Jiclorocychc nn^;. 

OH 


V . 


nc < 1 * 

c; 

11 

644. Chrysarobin i.s a gluco.sido of chrysophanie acid, which is a 

methylclihydroxyanthruqniiiono. frrjiii a West African tree. Both 

It is found in goa i)ow<Ier, obtainot ,w<*rul for llio IroaltruMit of 

chryaarobin and chrysophanie ae.d »io u.m M 

oezomu and other skin di-scttses. ,,.,.,li<-ino rhubarb, to wiiich it givc.s 

Cliryearobin is also present in tlio “ * 

iU yoUow colour and Its purgative pr.fl unlhraceno. 

545 . Phenanthrene, 9,41*10. 

The formula afj»igno<i to it is 

C-=Cv \\ 

*C— C, 

.c— C<^ 

' c»= t 

H U H II 


HC 
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The formula is based on various syntheses and on its oxidation to 
diphenic acid» 


COOH COOH 

1 i 

It much resembles anthracene. It melts at 99* C. and boils at 340® C. 
Like anthracene it is fluorescent in solution. 

Oxidation converts it either into diphenic acid or, if chromic acid is 
employed as oxidising agent, into phenantliraquinone 

CO— CO 

/ \ 

which is an orange soUd resembling onthraquinone. 

546. Other Complex Cyclic Hydrocarbons Many other complex 

cyclic hydrocarbons are Icno^Ti, mostly derived from the highest boiling 
fractions of coal-tar. Examples of such hydrocarbons ore: 


PjTene, CioHjo, 




Naphthacene, CieHja, 



Ring Structure. 





Piccno, O 22 HJ 4 , 



They are all stable substances of very high boiling point. One of the 
most complicated hydrocarbons yet prepared is dipcrmaphthylenean* 
thracene, which melts at 680* C. 



THE STEROIDS 


517 



Benzene 



DipeWnaphthylcneAciihmcenc 



Probable structure of Graphite 


Such a hydrocarbon as the above .nay “ Ir^i.oua'rb? 

X-rayTudi^”oTh "crystals to have an indelu.itely extended structure 

of linked hexagonal rings. Km-}, as 1 : 2 : 5 : 0 : dibenzaii- 

Somoof these complex ^ ’ active in pro.lueing cancerous 

thracene, have been shown to ije very ucii% » 



tumours, a property long known to be inherent .n 
types of mineral oil. 


pitch uiul in certain 


the stkkoius 

numbering of thosystom v.lroxvl i^roup substituted in the three 

Many of the 8toroicJ« contixin » ThoLr basic structuro is sliouni 

position. They are known os ^ s/iturated unless otherwise 

by (II). (All rings in Those found in animals are called 

shown.) Sterols occur wi<lel> called phy tostorols; and those 

collectively zoostorols; m plants tney u 
from fungi are colled mycosterols. 
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5461). Cholesterol, which is the principal zoosterol, is found m all 
nniTrtnl tissuo. It is olso foimd in wool fat (lanolin). It is present ™ ,^11 
parts of the body, bub in specially large proportion m the brain, bile, 
blood and fat deposits. In the bUe it may crj'staUise out forming 



gallstones. Cholesterol is a white crystalline substance melting at 148 C. 
Though necessiiry to the animal economy it is fairly inert physiologically. 

Among tlie dehydrogenation products of cholesterol is a hydrocarbon 
CieHie; this compound, generally’ known as Diels hydrocarbon, was 
shown to have the structure (HI). 



This was the first of the evidence on which the cyclopentanoperhydro- 
phciianthrono nucleus structure of the steroids was based. Cliolesterol 
has been shoum to have the formula (IV). 

546c. Bile Acids. — Closely rolatetl to cholesterol are the bile aci^. 
They are found in tho bilo of both humans and animals. All the acids 
aro hy’droxy •derivatives of cholanic acid (V). 



bile acids 

CH{CH:») — (CHO — CH(CH-) 



cH — CH — COOH 



Cholic acid (VI) is a typical bilo-acid. 


r-il 


(CH — COOH 
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vn 


546d. Sti^asterol, which is found in tshe calabar bean, is an 

example of a phytosterol, while ergosterol (VUI), which occurs in yeast, 
is a inj’costerol. 



vm 


546e. The sex hormones arc steroid compounds. These hormones, 
which are produced in the glands of the genital sj'stems, cause changes 
at puberty and regulate the sexual cycle. The cestrogoaio or follicular 
hormones which bring foinalos into a sh^te of oestrus are based on the 
structure (IX). 

The ring A Is benzenoid, not reduced as in the sterous. An example of 
a sox hormone of this typo is cestrone (X). 



CARDIAC POISONS 
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Tl>e androgenic hormones are responsible for snch male ch^otaristi^ 

as the development of sex organs and the pitch of the voice. An exai p 
of these hormones is testosterone (XI). 



540f. Cardiac Another cl^ 

physiological action ^ foxglove family. In Brnall doses these 

They are propare«l chiojly from the loxg ^ ^ 

strengthen the action break down into sugars and sterol^. 

These compounds on »*>' l*-ol> ^ b^^ rbamnoso. The steroids 

am b"3”n "he Btrneture (XU I). Digi.oxigcnh. (XIV) rs an 

example. 
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XIV 


'Fhc of compounds of tho type (XIV) are not present m their 

froo state in the ]>lant. 'I'he compounds present are complex gluco^dea. 

Similar in action to tho cardiac poisons are tho toad poisons which a^ 
extracted frtun the gliunls and slcin of toads. One such steroid is 
Imfotalin. 

546g. Hormones of the Adrenal Cortex. — A number of hormones 
Iwive been isolated from the adrenal cortex. Deficiency of these hormones 
h?atls to tlic sjTnptoms of Addison’s disease. Examples of these hormone^ 
are urlrenostorono (XV), corticosterone (XVI), and IT-hydroxj'Corti- 

costorone (X\TI). , , 

Cortisone (XVIII) is the best known of the hopnones of the adre^l 
cortex. It has been shown to benefit rheumatoid artliritis and other 
diseases. 

The structures of the steroid compounds were established by a com* 
bination of degradativo (oxidation, etc.) and physical evidence. On 
acco\int of tho size of the molecules sj'nthosis has proved extremely 
ditlicult as very many stages are required. 
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XV 


CH^OH 



XVT 


CH.OH 



xvn 


CH.OH 



xvni 


questions 

(1) Compare the chemical properties of benzene, naphthalene an,l anthra- 

How ia naphthalene madeT How can it bo converted into .-naphthol 

and M-naphthol7 - nnehthalcno and anthracene, and on 

(3) What formnlaj are a^lopted ^ be (a) a Ktraight chain compound, 

whatground.1 Why cou d nnphthalo n..U,o 

(l;)a ring compound with » ^ j «.nQphthylaioino from naphthalene. 

(4) Describe the I’^op^ration o^- 

How would you convert from coal tar? Detail and explain 

(6) How can ahzarm be inade, rloth inav be dyed with alizarin, 

the procoseoa by which a piece of cotton cloth may no > 
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HETEROCYCLIC COMPOUNDS 

547. Heterocyclic Rings. — An enormous number of compounds 
are known containing rings partly built up from carbon atoms and 
partly from nitrogen, sulphiir or oxygen atoms. 

The chemistry of these compounds is very extensive and some- 
times complex. Many important dyestuffs, the colouring matters of 
most plants, the respiratory pigments haemoglobin and chlorophyll, 
and finally the important group of alkaloids, are all heterocyclic 
compounds. The chemistry of most of the above is beyond the scope 
of this book, but in this and the succeeding chapters a few of the 
simpler heterocyclic compounds are studied. 

The table which follows illustrates the ring skeletons of the 
fundamental types of heterocyclic compounds. 

RINGS CONTAINING ONE ATOM OTHER THAN CARBON 


Single Heterocyclic Rings 



Furan. Thiophen. Pj-rrole. 



Vyran. TbiapjTan. P3T4dino. 


Condensed System of Benzene Nuclei and Heterocyclic Ring^ 

c c c 



Chromono. Oainoline.. t^oQuinolino. 

624 
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FURAN 

In addition to the compounds shown above many ring structures 
are found containing two or more nitrogen atoms, e g., 

CH— CH: 


CH=CHv^ 
pyrazole I / 

CH=N'^ 


tetrazole 


NH, 


pvrazine NC 

^CH=CH 


HC=N. 


N=N 




NH, 


etc.; also rings containing nitrogen and sulphur, e.g. 


thiazole 


HC— N. 

II >CH. 

HC — 


or nitrogen and oxygen, e.g., 

HC— N 

oxazole. 


\CH. 


HO— O 

to indole, and the anthocyamoB or flower p.«mr utB derived 

chromone. These are studied in Chapter XXXI . 


THE FURAN GROUP 


Furan 


hc=ch 

/ 

HC=CH 

HC=CH 


O, Thiophen 


HC=CH 

and 

HC=-CII 


Pyrrole 


\hN show a decided resemblance. 

hc=ch 


11 t.r, benzene and its derivatives 

All three show some broken. In the case of 

though their rmgs are . . . , ^ and its separation from 

thiophen the Ukeness is remarkably close a 

benzene is a difficult tank, 

648. Furan, c^ii^o. 

I Iv^ — iy I I 


N 


C), 


1 IC«=CH 

... It can «Uo bo .n«-lo by di«tilli..B boriu.n pyronmoato. 
occuTB in wood tar. it con 
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Mucic acid is obtained by oxidising the gums, various sugars, etc., and has 
the formula: 


CH(OH)— CH(OH) — CO-OH 



(OH)— CH(OH)— COOH 


When heated it loses water and yields pyroraucic acid (furan-carboxylic acid) 


HC=CH 

> 


L 


ioa 


H 


Barium pyromucato breaks up when heated, giving furan. It is a colourless 
liquid boiling at 32° C. It is polymerised in presence of mineral acids to an 
insoluble powder. Its most important derivative is furfuraldohyde. 


549. Furfuraldehyde, Furfural, 


HC=CH 

\ 


O, is readily obtained 


HC=C 


CHO 


in fjuantitiitivo yield when pentosea or substances containing them 
{e.g., bran) arc distilled with moderately concentrated sulphuric acid 
or hydrochloric acid, ^’he reactions are discu.sscil in § 270, but the 
general equation is 

CVTi ^,05 = C5H,0,H-3Ha0. 

It is a colourless licjuid with a pleasant characteristic odour. It 
boils at 102*' C. 

In its chemical properties it closely resembles benzaldchyde, and 
from it numerous I'uran d<Tivatives have been prepared. 

Furfuraldohyde is recognised b\' the pine-sbaving reaction. A 
piece of j»incwood moistened with hydrochloric acid is coloured 
emerald green by it. It is also recognised by the red colour it 
imjjarts to jjaper moistened with aniline acetate solution. The 
evolution of fiirfuraldehydo vapour is used as a test for pentosea. 

550. Pyromucic acid, 

iir = CH 

I 

I 

1U' = C— COOH, 

tho formation of which hrus been discu.-'sed in § 548, much rcscmblos benzole 
acid. 
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551. Thiopheu, 


HC=CH 

1 


HC=CH 

is always present in crude benzene, from which it is separated with 
difficulty. Its boiling point is 84” C.. which is too ^ ° 

benzene (SO ^” C.) to aUow of adequate separation bj 

distillation. It is often separated from benzene by 

mercuric acetate. An insoluble mercury derivatire of thiophen 

separates, which when distilled with acids yields . 

Thiophen has been synthesised by the reaction of 

hydrogen sulphide at 400“ C. in presence ol a luiniiia as a cat \ , 

CH CH = ClIx 


CH 


+ SHa — 


:S -f- Hj. 


CH 


CH 


CH = CU 


Thiophen is a liquid boiling at C. anu navin^ a 

eembling thiit of benzene. n :u tiuns. It forms a 

It resembles benzene most clo.s' 1> a tliioi)lK*n- 

nitrothiophen (which car. bo r<-auccM ^ 

sulphonic acid and a corresponding 

Alltheso thiophen derivatives are V Iql'n U .,uitt 

derivatives of benzene. U should be noted that tim n i 

unlike the tbio-ethers which also contain the group yS. Ihus 

has no unpleasant odour and is not oxi<li.sed to a sulphone. 


Tetrahydrotfiiophen, 


H..O 


dig 

\ s 

cHo 


. ■ .1 .. Ort otl.air qikI i” rtfu ti-.n to form ii 

bowevor^ rodomblc» u tliio-etlH r i 

Bulphonoi— o 


II .< 


S 

' ‘ o 

-f 1 1 ..i 


552. Pyrrole, 


CH = CH 

^NH. 

CH=CH 


C.H.N. occurs in coal-tar end in hone-oil ( 5 It may he made hy 

hating Bucciuimido (§ 214) and zinc du.st. 
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HjC— CO^ 
H,(>-CO^ 


NH + 2Zn = 


HC=CH 

^NH + 2ZuO. 
HC=CH 


It can also be made from acetylene and ammonia (cf. § 651) or 
from ammonium pyromucate. 

It is best prepared by fractionating bone-oil and treating the 
fraction boiling between 98” C. and 150® C. with solid potassium 
metal. Potassium pyrrole, 


HC=CH 

^NK 

HC=CH 


is formed as a solid; this, when treated with water, gives pyrrole 
(with some other bases), which is then purified by fractional 
distillation. 

Pyrrole is a colourless liquid boiling at 131” C. and having an 
odour like that of chloroform. As in many other compounds the 
=NH group is both basic and acidic in character. Thus it reacts 
both as a base giving salts such as 

HC=CH 

^NH^a 

HC=CH 


and as an acid giving such salts as potassium pyrrole, 

HC=CH 

^NK. 

HC=CH 

The latter is decomposed by water. Pyrrole is recognised by the 
bright red colour it gives to a pine-shaving moistened with hydro- 
chloric acid. 

T ttraiodopifTTole (iodolc), 

IC=CI 

I 

IC=CI 

is obtained by the action of iodine and alkalia on pjnrole. It is used as a 
substitute for iodoform, and has the advantage of possessing the latter 
Bubstnneo's antiseptic properties without its unpleasant odour. 

553. Pyrrolidine, 

H„C— CHa 
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PYRONE 


is obtained by reducing pyrrole very vigorously or by reducing ethylene 
cyaiude with sodium and alcohol* 

CH.-CN 8H CH,CH,-NH, ^ + NH^. 

CH.CN ^ CHaCHj-NH, CHa— CHg 


PyrroZidin«-car6oxy/ic actJ» 

HgC — CH— CO Oil 

1 

HoC— CH- 


of the amino-acids from which the proteins 


is known as proline, and is one of the arn.no-ac.us ^ 

are built up. HydroxyproUne is also a constituen P 


SIX-ME^^3ERED HETEROCYCLIC RLNGS 


Pyridine, 


HC 


H H 

C=C. 

\n 

Ve — 

H H 


U the best-known hetorooycUo compound with a G-mcmborod ring. 

Pyrone, ^ 

c=c. 

o = c/ po, 

\C=C/ 

H H 

1 c oi-r tnembered rinc containing oxygen, while 
givos example of a eix^uicmuorc b 

penthiophen , 

/CU = CiK 
HaC/ 

is of small importance. 

654. Pyrone Compounds.— Dimethyl-y-p> rone, 

.CH=C<-OHa 

O = C<^ 

^CH=O^CHs 

can be made from the cupric hydmlysis\vith 

carbonyl chloride. An ester la produced which on y y 

sulphuric acid gives dimethylpyro*^®- 
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COOEt 

I 

/Cl /CH— CO— CHs 

oc<; + cu<; 

^Cl \CH— CO— CHg 

I 

COO-Et 


COOEt 


> OC(^ 


CH— CO— CH3 
CH— CO— CH3 


COOEt 



/CH— CO— CH3 /CHg— CO— CH3 /CH=C. 

occ; -► oc<^ oc( >0 

^CH— CO— CH3 ^CHj— CO— CH3 \CH=(X 

CO-OH + CO, CH3 

655. Oxoruum Salts. — The chief interest of dimethylpyrone is in 
its basic properties. With acids it forms well-defined, though 
unstable oxonium salts. These were at one time formulated as 
containing a grouping such as 



with a quadrivalent oxygen atom. A truly quadrivalent oxygen 
atom is unlikely as it would involve a ring of ten valency electrons 
instead of the eight always found in the compounds of the elements 


CM, 

CH C . 

. o: ^ H * ^ 

s 

CH C 


CH = 


OC 


\ 


*CK = 


L 


Clij -n 

C . 

? o'” 

s 

c. 

I 

c:i. 


in the first periotl of the periodic table. The analogy of the oxonium 
salts to the uminonium salts makes it clear that they are the result of 
the reaction <.>f the oxygen atom with hydrion giving a positive ion, 
the ox^’gen atom remaining bivalent as usual. 

556. Pyridine. — Manufacture . — Pyridine together with other 
similar bases, ia contained in coal-tar and to a greater extent in 
houe-oil. the product of the dr 3 ' distillation of bones in retorts similar 
to those used in the preparation of coal-gas. Bone-oil is a dark 
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liquid of most oflFensive odour. It contains nitriles of fatty acids, 
pyrrole and alkyl pyrroles, p>-ridine, quinoline and many other 

Pyridine is manufactured by shaking the light oil (§ 33< ) from coal- 
tar or bone-oil with dilute sulphuric acid. PjTidimum sulphate 
dissolves together with the sulphates of other base.s. The separated 
acid layer is made alkaline, when pyridine, etc., separates. Pure 
pyridine is separated by fractional distillation. ... i 

Synthesis and Constilution.^lt may be s>'nthesised m severa 
ways, e.g., by distiUing aUylethylainine over lead oxide: 

\NH2+3PbO = HCi; ^N + SPb+SH^O. 

Its likeness to'benzene (v. below) iu.iicates a similar ring structure, 
and the fact that it can ho reduced to thocychc compound p.pcndine, 

H.,c/ 

■ ^CH.— CH/ 

also supports the accepted formula. /in 

unpleasant odour reeaUing that of burnt ica lu-rs. It bod, at 1 lo O. 
It is miscible with water but is easily salted out. 

Chemical Properties.— Vyv\i\\ni.‘. reacts: 

(1) as a tertiary amine (§ 127). 

(2) in a manner acids fo, n.s salts 

Thus, pyridine is a Uirly st.m, j;, a well-crystallised 

such as the hydrocliloridc t^.^tiary amines it reacts 

platinichloridc and aurichloi hIc. LiK riius with 

^th alkyl iodides forming quaternary ammonium salts. 1 lui., 
ethyl iodide it gives ethylpy alinmm iodi«h . ^ 

- 11 u 


H H 





N 


Call,! = 


H H 


lie 


C 

h; 

H 


Col! 


-C^ 

IL 


^N 


1 - 


... ♦K..f 'dthoiK'h it is uusaturated, it forms 

It resembles benzene in that. . _ o ^ . p,o<lucts. Thus 

substitution products more rcaddv than aci.im i 

with sulphuric acid at higb temperatures 

it forms a sulphonio acitl, 
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and by fusing this with caustic potash a 
/S-hydroxypyridine, 


k/ 

N 


analogous to phenol, is produced. 

Phosphorus pentachloride converts it 
into chloropyridines such as 


Clk^Cl. 

N 


In its substitution reactions it differs from benzene most notably in 
that it can be nitrated only with difficulty. 

Like benzene, pyridine is highly resistant to oxidation. Reduction 
with nascent hydrogen gives hoxahydropyridine, known as piperidine 
(§559). 

Uses . — Pyridine is employed for denaturing alcohol, and, very 
widely, as a solvent. It is also used for preparing piperidine. It is 
employed os a catalyst in the preparation of chloro- and bromo- 
benzene {§ 348), etc. 

Expt. 108 . — Reactions of Pyridino. — (1) Note odour, solubility in 
wuu>r. weak ofToct oa litmus. 

(2) To a solution of pyridine in dilute sulphuric acid, odd potassium 
ferrocyanido. Cr^'stalline ppt. of pyridine ferrocyanide separatee. 

(3) To ^ c.c. of the base odd | o.c. of methyl iodide and warm, shaking 
well. A vigorous reaction ensues, methylpyridinium iodide being pro- 
duced; on heating with solid potash, an irritating and disagreeable odour 
is noticeable. 

(4) Show that CrOs does not oxidise it. 

557. HomolOgUCS of Pyndine. — Three different monomethylpyridines 
known as piculincs exist: 


H 

U CH 


II I 

lie C-CH, 

\n*^' 

Q*Picoliue, 


H CHa 


HC 

c cn. 

lie 

CH 

11 

1 

II 

1 

HC 

CH 

HC 

CH 


\n/ 

^•Picc4ine* -yPicolino. 


Six dirnethylpyridiiios or Lutulines and six trimethyl pyridinoe or CoUidiMS 
ore known. The homo loaned ro^erablo pyridine. Like the mothylbenzenea, 
thoy arc eiusily oxitiiRod to acido. 

Tiius ^•picoline in oxidis^od to /^-pyridmocarboxylic acid, known aa nicotinio* 
acid: 
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HC C-CHa 

Jo Jh 




iic 


C CO OH 


30 


+ HoO 


HC CH 

\n/ 


The amide of nicotinic acid is tho vitamin, whose absence from the human 
diet brings about tbo disea^o, pellct^r<z» 

558, Derivatives of Pyridine Th© substituted pyridmes have, in 

general th© reactions of th© corresponding aromatic compounds. 

® Thus’ til© Bulphonlo acids when fused with caustic soda ^ve hyclroxypyri- 

dinea. These resemble the aminophenols. bemc lie 

character The aminopyridines can be diazotised. I ho pyTidinocarbox> Uc 
iTi^S^mbl© aromati?acida in that, when heated with hme. they regenerate 

pyridine* 


659. Piperidine, 


H, H, 


H.CC >NH. 

O 

H, H. 

is the ultimate product of the reduction of pyridine %vith sodium and 
alcohol or electrolytically: 

H H 


HC 



H H H, rt, 

Ita Btructure is made clear by its production when penta.nethylono 
diamine hydrochloride is heated. 

H. H, “• 

„ ^ + NH.Ci. 


N H- 6H = HaC 


✓ 


X 


NH. 


HaC 


--- 

‘^°Ki^ridi^u‘t C^rmles“uqm"d with an'’ odour 

hUnrth^of P«PP«- I* " 

water. .^xrridine and forms numerous stable 

b7 with sulphuric acid to 300 » C. .t forms pyndmo. 
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SYSTEMS OF A FIVE-MEMBERED HETEROCYCLIC RING 
CONDENSED WITH A BENZENE NUCLEUS 


The compounds coumarone, 

H 

HC C 


CH 


benzthiophen, 


HC C CH 
H 


H 


HC 


C 

II 

C 


— CH 

II . 

HC C CH 
H 


s, H 


C 


yN 


HC C— 

— CH 

1 II 

II . 

HC C 

CH 



C 

H 


NH 


bear the same relation to furan, thiophen and pyrrole (§§ 548, 561, 
552) as naphthalene does to benzene. \\'liiIo coumarone and 
benztbiophcn, both found in coal-tar, are unimportant, indole is to 
be regarded as the parent substance of the very important indigo 
dyestuffs. 

560. Indole, 

H 

C 

HC C CH 


HC 


CH 


C 

H 


NH 


may be synthesised by heating o-nitrocinnamic acid with potash and 
iron filings. 

+ 2Fe = 


CH 

II 

CH 


CH 

II + COj -f 2FeO. 


CH 


NO, 


NH 


CO,H 
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The amino-acid tryptophan (p. 570). which is a constituent of many 
proteins, is an indole derivative and accordingly indole may be 
obtained from proteins, notably albumen (§ 615). in various w&ys. 
The digestion of albumen by the pancreatic enzymes produces it and 
it is accordingly present in fseces. Fusion of albumen with caustic 
potash produces both indole and its methyl derivative, ekatole. 

Indole is found in oil of jasmine and although when pure it has 
an xmpleasant faecal odour, when much diluted it is a valuable 
constituent of certain perfumes. o ^ 

Indole is a somewhat volatile solid which melts at 52 C. 

It resembles pyrrole (§ 552) in most respects. Thus it is feebly 
basic, and colours a pine spUnter mol.'^tcned with hy<lrochloric acid red. 


661. Skatole, -methylmdole 


Cll, 


>3 contamed in toon., and i» nl.n pr..dm"l v. t,,... .dl.n.n. n i3 f„3, d n iti, ,,otn3l, 
It hrwi an odour. 

561a. Indole>acetic acid 

/N — cn.^ c()ou 


I • •!. . V .« Vi > rt V’ t>r t’inisifiif root • r< »rf iiilt ion 

;.t.n»..horuotinuufc-uU.n«.. 

'.ill. na.,h*iu4kno.u-t.tic'.ui.l. u.doUlM.tyric ar..l have nun.lur 


is of conHidoralil*' iiiU'ront tv* having »*' \ 
in nlant-tiaauOM. It is unr-.l cuimiiorvudly for proi 
Phonylucotio acid, nuplitluikiiumuUc lu i.l. lu- 
efleotHi 

662a Indoxyl. -Incloxyli8,^ hy<lrox> tmlolo. 

. oil. 


It oncor, in the urine of nmm.nel, p„t....nu.n indexybulphate 

o SOa-OK. 


AJ 

NH 


HO C -CO OC o OH 

HC C C=U *’ <-■'* 


C N H 
H 


NH O 
H 
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which shows it to be derived from two molecules of an indole 
derivative. Indigo is the most important of dye-stuffs and probably 
the most anciently known. 

Natural Indigo . — Until some sixty years ago all the world’s indigo 
was made from certain plants, chiefly of the genus Indigofera. 
These plants all contain a glucoside indicant which when hydrolysed 
yields glucose and indoxyl. The latter is readily oxidised to indigo 
by atmospheric air: 




UOH 


HOC 




CH 


-f- Oa -1- 



NH 


HC 


NH 



NH HN 


2HaO. 


The plants were cut down and steeped in water. An enzyme 
present in the plant and the bacteria present in the liquid trans- 
formed the indican to indoxyl (§ 662). This dissolved in the water. 
The solution was run off and agitated with air by paddle wheels, etc. 
Indigo was precipitated, pressed into moulds and dried. The 
process is now almost obsolete and almost all the world s indigo is 
made synthetically. 

Synthetic Indigo . — Several processes have been developed for the 
synthesis of indigo. Aniline and chloroacetio acid react and yield 
phenylglycine: 

CaHj-NHa -i- a-CHa-CO OH = C.Hs NH CHa CO-OH + HCl. 

This when fused with alkali (or better with a mixture of sodium, 
sodium oxide and sodamide) gives indoxjd, which by oxidation n-ith 

air gives imligo. 



NH 

rhonylgJyoino. 




UOH 

II 

CH 


NH 

Indoxyl. 


+ H.O 
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COH 


HOC 


CH 

.X 

NH 


+ o,+ 


HC 



HN 


CO OC 


+ 2HaO 


I — 


HN 

Indigo» 



A BimUar process, employed for many years. «tertcd w th naP^ha^ 
ene which was converted into anthranihc acid (§ 470). This wm 
condrnsed with chloroacetic acid yielding o-carboxjTihenylg ycocoll 
This, when fused with alkali, gave iiido.xyl ivhicli was oxidised, as 

described above, to indigo. 


COOH 


COOH 




CO OH CO-OH 


CH, 


NH, + CICH, 


NH 


psCO OH CO OH ^ ^ 

V ^CH, 

Nil 

■NTTT ‘ 

Indoxyl. 

As might he e^P-tcd |n^w ol^the^c^me^H^im^^^f 

;jfp"r:p:ra«fn."The"h°ove^re the o^’nly ones, however, which have 

fti^o.-Indigo is a deep blue powder of a 
664. Properties o nublimed when it forms coppery lustrous 

rris^nT iT rinsolXle in most solvents but may be dissolved in 
““HTinsolubiUty makes it necessary either to use indigo as a vat dye 

or to convex it into t^c solub«^^^ 

Indigo when " j indigo-disulphonic acid. The 

romfm“s:rof "th: Httor is soluble in water and is sold as iiufiVe- 

“^^o may be reduced to indigo-white (Diagram, p. 538) by 
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mtrato containe indigo-white. Moisten a piece of cotton cloth 'vith a 
and expose to air. The cloth will become dyed blue as the mdigo- 

ni^Sme indigo with zinc dnet. The unpleasant odour of indole 
is noticed* 

565. Indigo-dyeing.— Indigo, being insoluble, is ordinarily em- 
ployed as a vat dye. The indigo is reduced to mdigo-whit^ by a 
hyposulphite (hydrosulphite) or glucose in presence of alkaU. Th-s. 
being a phenol, forms a soluble sodium salt: 



2H 




C(OH) (HO) 




II 



NH 


NH 



The fabric is dipped in this solution and then ex,>osed to the air. 

pUce and the indigo-whitc is eonverte-d .nto .nd.eo, 

Set:rii;yX"r‘:d;h ■'!j^oTre.;.'h; ..eatm^ t.,e,„ with a 
BolutioD of indigo-carnunc. 

566a Isatin, 


HC O 


CO 


1 1C C 


CO 
UN 


11 

is obtained when indigo is forms reddish-yellow 

bo made by vigorous oxidation o > 

crystals, slightly soluble in water. 

607. Indigoid py®st^3* rulo'itrt valuable dyeing 

regarded aa dorivativcH of indigo. I formula 

properties. Tetrobrouioindigo (Ciba lUuo -oj 



640 


HBTEBOCYCUC COMPOUNDS 



and dyes in brighter shades than indigo. 

A class of dyestuffs known as the thio-indigo series with a ring structure of 
the tj’pe 



8 S 


are much in use and give very fast and stable colours. 


SYSTEMS OF BENZENE NUCLEUS CONDENSED WITH A 
SIX aiEMBERED HETEROCYCLIC RING 


568. Chromane, 

H Hg 
HC C CH 

i II II 

nc c CH 

H 


ia only of importance os the parent of a groat number of the coloured sub- 
Htancoa found in plants. Those, the flavono derivotivee, are discussed in the 
noxt chapter, §§ 002 — 601. 

569e Quinoline, 






is contained in bone-oil. Quinoline and its homologues are ordinarily 
made by Skraup’s sj.’nthesis in which aniline, gl3^cerol and sulphuric 
acid are heated with an oxidising agent, usually nitrobenzene or 
arsenic acid, H3ASO4. 



QUINOLINE 


541 


HC 


HOCH, 


CH 


HC 


V, 


NH 


CHOH 


CHjOH 

+ o 


HC 


V 

CH 


UC C CH 


-h 4H20 


The practical details are given in Expt 1 10 below. 

110.— Preparation of Quinoline.^— In a 1.000 c.c. flask 

fitted ^ith a wide reflux condenser, place ^ 
benzene, 19 c.c. of amline. and 120 c.c. of glj^erol.- Shake weU 
mix and add graduaUy 55 c.c. of cone, sulphuric acid, shaki g 
To flik to i^x the constituents. Heat the flask on a sand- 

bath till the reaction begins, as sho^^m by 

white fumes The flask is then raised from the sand-bath to 
aUow the reaction to moderate, and when the reaction slackens 

the mixture is boiled for three hours. tnixture is 

To extract the quinoUno (present as sulphate the mixti re is 

diluted with 200 c.c. water and first steam-distilled rom a g 

",rjr V 

liquid no longer gives a ^o c co sulphate 

The aniline is thus ^‘„°,„YuUon is hoilci. converting 

while quinoline is unaffected. with sodium hvdro- 

tho an^e into thus^lUjerated while the phenol forms 

xide. The „id is steam-distilled once more. 

TheXtmato is nr ”t on‘thrwa^X!t‘h 

“^rett^Cn with U.e naked iiarno. Quinoline oonres 

over above 200® C. (B.P. 239 C.)- ai Its formation 

Quinoline may be synthesised in several other ^vays. 

> Requires eight or nine hourn |„.uting or.ii.mry glycerol to 180 “ C. 

* Anhydrous glycerol, obtuintni oy 
for some time, should bo used. 
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by passing the vapour of allylaniline over heated lead monoxide 
conforms the formula assigned to it: 


H H H 

C CH, C C 

/\ V 


HC 

CH 

CH 

HC 

C 

CH 

1 

1 

II 

0 

+ 

1 

1 4- 2H,0 

HC 

C 

CH, 

HC 

C 

CH 


C N G N 

H H H 

Quinoline is a colourless liquid of a peculiar odour. It boils at 
239®. It is insoluble in water. 

Quinoline is a tertiary amine and forms well-marked salts. The 
dichromate (CftH^NHlaCrgO-, unlike most quinoline salts, is 
sparingly soluble and affords a means of recognising the base. Like 
other tertiary amines it reacts wdth alkyl iodides, giving alkyl- 
quinolinium salts such as methylquinolinium iodide 


)i- 

CH3 > 

I’hose quatornar 3 ’ salts of the methylquinolines are of use in making 
the oyniiine d\*cs, use<l as photographic sensitisers (§ 570). Reduc- 
tion of quinoline \-iel(ls hydroquinolines analogous to the hydro- 
naphthalenes. 

'Fho action of lialogens, sulphuric acid and nitric acid is to sub- 
stitute Cl, Br, SO 3 U., NOj, etc., in the benzenoid ring. Products 
substituted in the pyridine ring are more difficult to prepare. 

570. Methylquinolines. — QuinaUHne. 


CH. 

X 

in cr^aKtar and can bo aynthosiRoti from aniimc and acetaldehyde (oa 
paruldfl I ydo). 

It liiuls in preparing the dyo quinoline yellow which ia formed whoa 

it uith phthalic iinlivtlrido. 

'rin' cyatiino ^lyen are preparetJ by heating a mixture of formaldehyde and 
quinaliiine witli nlkyl iodides and tlion treating them witli eaustic eoiia. They 
Contain two cystoma of tho cpiinolitm typo linktHl by a chain of unsat lira ted 
groupings, e.g.^ 
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Lepidine^ 



Aud flc'vorol otlior aJkyl- 
quinolines are known. 


571 . t.so-Quinoline, 



<lifT..‘rM from quinoline* in tl»o 
position of tlio nifroKon atom, 
tjoiuo of tho alkaloiils (§§ oflO 

5U7) nn* iVn-juiiiolino »lo- 

rivativos. its pr<.portii-« 

noftrly rosomble tlioso of 

(punoliijo. 


HETEROCYCLIC SVSTKMS^ CON.. 


CON r.MNINf; MORE THAN 


672. Acridine, 


H H H 

C C C 

/X X' X/''*^ 

lie c c (’ll 

i Ji- 

H H 

.t> 


('ll 


r ( I i-...'r*rio I.iko rpiiiiolin'* it kan ha.-.ic 
is the heterocyclic annloRuo .j.,’, t„ tj.p nkir. ami im-mhiam s ot 

properties. It is a hoIi'I, r<'inar .n > . .. ..rful fluoros.-i-iu o. St>mo iniportjmt 

the throat an<l nose. Its salts have a po«. r.o. 
yellow dyoe aro derived from it. 

^er»/fai»»n«. 






X 


M 

V 


lUN 


X 




N* 

I 

CH 


^NH, 

\ ci- 

I 



644 HETEROCYCLIC COMPOUNDS 


is used in surgery as an antiseptic, as also are several similar acridine 
derivatives. 


573. Carbazole, 



is contained in coal-tar. It is a highly stable substance showing a resemblance 
to pyrrole (§ 552), Thus it forms a potassium salt, gives the pioe-shaving 
reaction and is a feeble base. 

674. ComplGZ Hstsrocyclic DyCS.-^Several important classes of dye* 
stuffs are heterocyclic in character. The fluoresceins and rhodamines contain 
a p 3 rTon 6 ring (§§ 491, 654). The azines, which contain the ring system 



include many important dyestuffs, such as the red safranineSf blue indii/ines 
and black nxgro3%nta* The oxazineM of the ring structure 



also include many important dj'es. 

King systems containing sulphur end nitrogen such as 



occur in the important dyes, mothj'Ione blue, primuline, and the sulphide 
dyeg. 

The chemistry of those compounds is of groat industrial importance but is 
beyond the scope of a work of the present type. 


QUESTIONS 

(1) Point out the analogies between the heterocyclic bases, pyridine, 
and (a) the aliphatic amines, {/>) tlie benzene hydrocarbons. 

(2) \\ hat arc oxonium salts? Indicate their analogy in structure to the 
ammonium salts. 

(3) How is indigo obtained synthetically? What reactions does it undergo 
during the process of indigo ‘dyeing? 

(4) How muy quinoline bo prepared? Explain the motbod by which it can 
be 8epHrato<l from aniline. 
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THE ALKALOIDS AND PLANT PIGMENTS 

575. Alkaloids.— The term alkaloid has been used in ‘o 

cover aU organic bases found in plants and annals Thus caffeine 
and the ptomaines were formerly classified as alkaloids. 

These comparatively simple compounds arc 
and the term ‘alkaloid,’ in its modern usage, may 

more complex basic substances vhmh occur ^ 

organisms and exhibit a high degree of physiological activity. 

All the alkaloids contain heterocyclic ring structures. 

W6 Sources of the Alkaloids.— The S °‘fo%ew 

aU found in plants or are prepared from other 

have been synthesised, but in no case ^ f., .piie 

easy to allow of its being used as a method of f 

alkaloids are therefore extracted from the plants in nliich they 

°The table which follows gives a Ust of the chief useful alkaloids 
and their sources. 


Alkaloid. 

Apomorphine 

Atropino 

Cocaine 

Codoino 

Emetine 

HyoHcine 

Morphine 

Nicotine 
Pollotiorino 
Quinidine 
Quinine 
Stropitan thine 

Strychnine 


Sou I* CO. 




Matiuf.ict.irc-<1 fmtn nu.rphinc. 

Ut-ntily iiiHl 

Krythroxylon coca, a Peruvian plant. 
Opium pr>j>py. 

Ipecacuanha. 

Belladonna and various Solanace<r. 

Opiuii^ puppy- 

Tobacco. 

Pomegranate. 

\cinchona bark. 

{strophanthu. konJ.c. a Went African 
plant. 

Strychnoa nux vornica- 


1‘^motic. 

Mytlriutic. local 
ana?.*<lh».*tio. 

Lot'ul iincuMthotic. 

Srdjiliv'o. 

Kmotic, flpccific for 
dyrtciilory . 

Sodutivo. 

Aiiodyno and 
hypnotic. 

lijMccticide. 

Antbclinintic. 

Aniiinalurial. 

Action on heart. 

Tonic; de.-^truction 
of vermin. 


Gir* 
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Over eight hundred alkaloids are known; the above are those 
included in the British Pharmacopoeia together with one or two more 
of practical importance. 

577. Extraction of the Alkaloids. — The plant material rarely 
contains more than a small proportion of the alkaloids. It is finely 
ground and percolated with alcohol or with dilute acid, in which the 
basic alkaloid dissolves forming a salt. If alcohol is used it is then 
distilled off and the residue dissolved in dilute acid. The solution 
of the salt of the alkaloid is filtered or otherwise purified and then 
made alkaline with sodium carbonate. The alkaloid is precipitated 
if insoluble, or if soluble is extracted from the liquid by shaking 
with an immis cible solvent, such as chloroform. Usually more than 
one alkaloid is contained in the plant material and more or less 
elaborate methods have to be used to separate any one in a pure 
condition. 


578. Structure of the Alkaloids. — The alkaloids may be classified 

acoording to tlio typo of ring structure they contain. The following is a list 
With e^caniplos of the types of structures encountered. 


Allcaioids coniainin/j a pyridine riny 



('uruino 

Polli'tierine 

Nicotine 

PijH*riiio 


XUz — CR-r — CUrClUClU 

luev >KU 

^CH.— CHg/ 

Coniine (rf-a-n-propylpiperidine). 


Alkitlvuh cvrtlainitifj (he (ropine ring 


c— c— c 



Atropine 

Hyoscyninine 

CtK'aine 

Uyosvine 

Eegonine 


CHo— OH CHCO-OCHg 

N CH3 CH O CO Cellft 

Cilg— CH UHg 

CocaLno. 


AH'dhid^ conUiining a qutno!ific''Tu:^ 
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Quinine 

Cinchonine 

Quinidiiio 

Cinclionidine 


CHg 

I 

N — CHa 

i 

CH 

i-HOH 

I 


Ctl— CH — CH 


— OU— CH 


CHa 


CH ,0 


Quinine. 


Alkaloids containimj an isoquxnoline riny 




Cll'A 


Pupaveriiiu 

LuuclanositiO 

Nurcotine 

Hy<lru.stirio 

li<»rb<uino 

Mrnotine 


i CH 


cir.<^ 


<)— 


t) — 


CH-- CH , 

' ^ 'n -CIIj O CO -^ ^ 
H.. 

- CH,t>^ 

I u ' 




Nnrci>tino. 


The 'phennnlfirenc' group oj alkaloids. 




Morphine 

Codeine 

Apumorphirie 


c; ^ < 11 ., 

)CH 

''C C' 


i \ 

OH \ 




/\K 

/ H OH 


Morj)laiH'. 


Alkaloids containing other ring systems. 

Aconitine. 

Strychnine. 

Brucine. 


■ r.. V of coinploxity «in<J Uio u-soortmn. 

Theeo compountU f., oiio of tlio aillu-uU of t.uskH. 

ing of their fonnuhu and Ktructu coutury «>f n-'-oarch. is still not quiU» 

Thus the foniuilu of strychmno. ufU r « ccuiur^ 


certain. 


^ .• fh« <?tructure of Alkaloids.— The principle 

679. Elucidation o moloculen into recognisablo 

adopted tliroughout is to breuK \ b 


f 
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fragments in several different ways, and so to arrive at the whole 

structure. The chief means at the disposal of the chemist are the 
following: 

(1) Hydrolysis. This breaks up ester linkages (as in cocaine or 
atropine), but does not as a rule disturb the rest of the molecule. 

(2) Formation of acetyl derivatives, so arriving at the number of 
hydroxyl groups (c/. §§ 84, 86). 

(3) Treatment with hydrogen iodide, which splits off methoxy 
groups (as in narcotine) as methyl iodide, 

X OCH 3 + HI = X-OH -f CH 3 I. 

(4) The most important means of ascerta ining the structure of 
these compounds is exhaustive meihylation (Hofmann’s method). 
If a cyclic amine, say piperidine, is treated with methyl iodide, a 
quaternary ammonium salt is formed (§ 128), in this case methyl- 
piperidinium iodide: 


CH, 

CHj— CHa /CHa— CHa. I 

H,(y NnH + CHal = HaC(^ V"— H 



CH,— CH 


Treatment with moist silver oxide gives methylpiperidinium 
hydroxide, which when distilled gives a methylpiperidine and water: 

CH« 


CH, 


/CHa— CHgv I . 

^ \N"^H = CHZ 


\ 


CHa— CHj" 


OH 


CHa— CH*,^ 

2\ >N— CH,+ HaO 

^CH,— CHa^ 


The methylpiperidine is now treated in the same way forming 


CH,— CH 


HaC 


\ 


CH,— CH 


CH 

CH, and H,c/ 


CH 


CH,— CH 


\ 


CH,— CH 


"^N^-CHa 


3 


I OH “ 

Ihis latter compound breaks up when distilled giving a straight- 
chain compound: — 

,CH=CH, XCH 

N. 


. 


8 


^CHa— CHa'^ ^CHa 
The same treatment again repeated fields a compound: 

+ /CHa 

CHa = CH— CH,— CHa— CHa— N^CH, 

CH, 


OH 
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which when distilled gives trimethylamine and A^'’-pentadiene, 

CH, = CH— CHa— CHj— CHa— N'^CCHs), 


OH 

= CHa : CH — CHa — CH : CH^ + NCCHalg + HjO. 
which isomerises to piperylono Aao — pcntadiene, 

CHa :CH-CH iCH CHa- 

From the fact that these compounds are finally obtained we can 
deduce that piperidine contains a chain of /ire carbon atoms linked 
into a ring by one nitrogen atom, and in this way the structure of 
many complex heterocyclic ring systems can be elucidated. 

(5) Oxidation, distillation with zinc dust, etc., often give re- 
cognisable products. Thus morphine (§ 599). when distilled with 

zinc dust, gives phenanthrene (§ 545). 

(6) In a few cases a large fragment of the molecule may be 
synthesised, a process which usually gives the formula with some 

degree of certainty. ,, , • 

680. Evidence for the Structure of an Alkaloid.— \Miile it is 

obviously impossible in a work of tliis scope to give the reasomng 
leading up to the formuhe of aU the common alkaloids, a study of the 
way in which the formula of one motlerately complex alkaloid has 
been arrived at may be of value. For this study wo select atropine 
an alkaloid found in deadly nightshade and some other plants, and 
used in mcdicino as a mydriatic for dilating the pup o lo 

(1) Hydrohjsis.-Atropine, C,,H, 303 N. in readily hydrolysed by 
dilute alkalis to two substances: tropuie, CgHi^ON. and tropic acid. 
C,H,oOa. These may bo made to recombine and form atropine. 
Tropine is a secondary alcohol, for it may he oxidised to a ketone 
(t;. below, and § 52). Atropine contains one less hydroxyl group 
than trop\ne and tropic acid together. Hence we may suppose that 
it is an ester of tropine and tropic acid. J ropic .o”l 

identical with phenyl-hydracrylic acid CgHa 

may then write the equation for the hydrolysis of atropine as 
C.,H„0,N + H.O = (C,II,.N)OIl -I- 

Tropine, Tropic Acid. 

and write a preliminary formula for atropine 

(C-HmNIOCOCHC.H* 


Wo 


CH, OH 
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(2) PreaevM of a Pyridine. Ring in Tropine . — ^The problem is now 
to discover the etnictnre of tropine, CgHisNO. It contains one 
hydroxyl group and forma an acetyl derivative and is oxidised to a 
ketone tropirume. It therefore contains a >CH*OH group. 

When treated with glacial acetic acid tropine loses water and gives 
a base tropidine which contains no oxygen: 

CgH^NO = CgH^N + H^O. 

This is unsaturated, for it can be reduced to hydrotropidine CgHijN. 
This when distilled in a current of hydrogen chloride loses methyl as 
methyl chloride, giving norhydrotr&pidine, C 7 H 13 N. This when 
distilled with zinc dust ^ves a-ethyl-pyridine, 

H 

HC CH 

CH,— CH,_C CH 

N.n-/ 


which can be made synthetically. This proves the presence of a 
pyridine ring in tropine. 

(3) Presence of a Seven-membered Carbon Ring in Tropine . — But 
tropidine when treated with method iodide gives a compound, 



, and this, treated with moist silver oxide, gives 

This, on boiling, gives a methyltropidine 
Ci;Hj 2 N'CH 3 , and water. This is again treated with methyl iodide, 



OH 


giving CgHigh 


— CHg, and this ivith silver oxide gives CgHj^NiCHs) 


a 


CH 


I his, on boiling, gives trimethylamine and cyc/oheptatriene which has 
the formula 


CH=CH CH 


II 

CH 


CHa— CH=CH 
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Tropine must therefore contain a seven-membered carbon ring as 
well as a pyridine ring. In view of the formation of a pyrrolidine 
(§ 553) derivative from tropinone [(4) below], these can only be 
combined in the carbon skeleton I, usually written as II. 

C — C C 



N 


C— C 


II 


That in tropine a methyl group is attached to the N atom is shown 
by the formation of trimeihylamine (above) when only two methyl 
groups have been added on, also by the removal of methyl chloride 
from hydrotropidine in (2). We may therefore write 

C— C C 


NCHg C 


C— C 


c 


as indicating the position of the eight carbon atom.s in tropine. 

(4) Structure oj Tropinone . — Tropinone when o.xidised^ gives a 
pyrroUdine (§ 553 ) coin}>ound which proves to be A -methyl- 
pyrrolidine-a-acetic acid-a|-carbo.x^’Iic acid 

HoC — Cll — CHgCO OH 


NCH 


HoC— CHCO OH 

which can bo identified by exhaustive metl.ylation and reduction 
undor which treatment it pime ic acic 

H C— CHa— CH 3 — CO OH 


HoC— OH,— CO OH 
Tropinone is therefore 


Clio 


N CHa CO 


H,C— CH 


CH 


S^deh:JZ*methy^a^Jncr.dXeealdu„^^ 

acid. 
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CH**CHO 

+ H,NCH3 = 
CHj-CHO 

Succindi aldehyde -|- methylamine* 


CHj- CH-:OH Hj CH COOH 

I ' - f 

N CH, + CO 


CHj- CH-;OH H 


•CH COOH 


CHg— CH-OH 

I 

NCH, 

I 

CHg— CHOH 

ao'-DiliydroxjTnethylpyiTolidine. 


CH, — CH — CH COOH 
I f 

N CHj CO 

t I 

CH;— CH — CH COOH 


CH 2 — CH CHCOOH 

I I 

N CH 3 CO 

1 I 

CHg— CH CH-COOH 


CHa— CH CHj, 

I I 

N-CHa CO + 200, 

I I 

CHa— CH CHa 

Tropinone, 


Now tropinone is produced by oxidising tropine, which must be 


CHa— CH CHa 

I I 

N-CHa CH-OH 
CHa— CH CHa 

and since atropine is the tropate of this alcohol (1) its formula is 


CH.— CH CHa 

I i 

N CH 3 CH O CO CH 

CHa— CH CHa CHaOH 


H H 

C CH 

^c=c/ 

H H 


581. FormatioD of Alkaloids in the Plant. — The synthesis of 
tropinone gives a hint of the process by w'hich alkaloids may be 
formed in the plant-cell. Ornithine, 1 : 4-iaminovaleric acid {§§ 226, 
009), is certainly a constituent of plant proteins. This when treated 
%nth formaldehyde undergoes methylation and gives succindialde* 
hyde and methylamino. 


!NH, 

: j 

CH, -iCH - COOH + H 
I * ^ 

CH.-lcH, + h: CHO 


CHO _ CH, - CHO + CHj NHj ♦ COi 
CHj-CHO + CH, NH, 


These condense, as already described {§5S0 (4)), to aa'-di- 
hydroxymethylp5’iTolidine. 
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Now citric acid, a common plant product, is easily oxidised to 
acetonedicarboxylic acid, 

CHa-COOH CHa-CO-OH 

HOCCOOH + O = CO + HaO + CO3 

CHa-COOH CHa-COOH 

and so all tbe materials for the synthesis of tropinone are provided in 

the plant. , . . 

Such explanations can be extended to cover the formation of many 

other alkaloids. , 

682. Tests for the Alkaloids. — Since the alkaloids are m common 

medical use and since they are very potent poisons, accurate 

methods of recognising them and determining them are desirable. 

If the alkaloids are mixed with other organic matter, e g., the 

contents of a dead man’s stomach, they are separated therefrom by 

methods similar to those employed for their extraction from plant 

material (§ 577). Great manipulative skill is requned on account oi 

the small quantities present. , , . , - t 

Certain reagents give precipitates with alkaloids in general. 

Auric chloride., AuClj, in presence of hydrochloric acid, gives pale 
yeUow crystalline ppts. of the chloraurate of the base. 

B + HCl + AuCl, = BHAuCl*. 

These can be recrystallised and then have characteristic nielting 
points which may servo to identify the alkaloid. By heating the 
preci^iUtes a resfduo of metallic gold is obtained 

which in the salt serves to indicate the inoiccular v eight of tbe base 

(§17). This affords a further mcan.s of Klontificution. • 1 ; i« 

^ Maver' a reagent a solution of potassium inercuri-iudide in iodide 
soi^ion gives^prccipitates with almo.st all alkaloids. Ihoy may bo 
recoveri^^y de^com^^osing the precipitate with *hvdro.en sulphide. 
Phosphomolybdic acid, phosphotung.stic acid, picric acid and 

tannic acid also precipitate alkaloids. , .mripnU task on 

The certain identification of an alkaloid is a c dhcult task on 

Te«ta/or Allalovis. 

. .. niiinnif nitric ucifj. Htvsiilno liocomca 

Atropine . — Evaporate to dryne. pui>ii of cat'a oyo in 

violet Chon inoiBtono*! with alcoholic pota-sh. II 

dilutions of 1 ; 100.000 or Iohs. 1070 r 1 with KoCrO., in weakly ocid 

Cocatne.— Palo-yoUow ppt. (mp. 127 C.) v..u. 2 4 
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solution* A drop of very dilute solution causee numbness of tongue and lips* 
Codeine . — Blue coloration with cone* H2SO4 and trace of FeCl^* 

Morphine . — When dissolved in cone* H2SO4 and a drop of cone. HNO3 
added, a carmine colour develops: liberates iodine from iodic acid* 

Nicotine . — Drop of formaldehyde^ than a drop of nitric acid, gives rose 
colour* 

Quinine . — Solution in dilute HoSO^ shows blue fluorescence. Weak chlorine 
or bromine water is added to this solution only till a faint yellow colour 
appears* Ammonia is then added drop by drop* A dark green colour appears, 
turned red by acids* (Quinidine also gives this test*) 

Strychnine . — Gives colourless solution with a drop of concentrated H2S04. 
A small cz^'atal of potassium dichromate stirred into the drop gives a blue 
colour passing through violet and red to yellow* 

ALKALOIDS OF THE PYRIDINE GROUP 

683. Conime, 

CH 2 — CH— CHa-CHjCHg 

H2C<^ \nh 

CHj— 

n-propylpiperidine, ia the simplest of the alkaloids. It occurs in hemlock, 
Coniuin maculatum, being present as coniine malnte. It is extracted by 
crushing the unripe seeds, making the solution alkaline and steam distilling. 

It is a colourles-s liquid with a penetrating odour and boils at 1 66 - 1 07 **. 
It is dextrorotatory', tho asymmetric carbon atom being «ho^vn in bolder type. 
It is a powerful poison. Like piperidine, it is a fairly strong base. 

584. PelleticrillB. — Pelletierine is contained in pomegranate-root bark. 
It is used medically as an anthelmintic to expel tapeworms. 

585. Nicotine, 

H 

C H,C CH, 


HC C— HC CH, 

I II \/ 

HC CH N-CH, 

V/ 

N 

is ^-A’'-moth 3 ’lp 3 Trolidylpyridm©. It ia of much importance both as 
being the active principle of tobacco and as an insecticide. Tobacco 
contains, as a rule, about 4 per cent, of nicotine. To prepare nicotine, 
waste tobacco is extracted with water and the concentrated liquors 
are made alkaline and steam-distillod. The distillate is extracted 
witli ether, which is then distilled off. 

Nicotine is a colourless pungent liquid which soon becomes brown 
in the air. It is verj' poisonous. As little as 2-5 g. of ordinary 
tobacco may contain a fatal dose, but in the process of smoking, 
much but not all of the nicotine is destroyed. The symptoms of mild 
nicotine poisoning are known to most smokers. 
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Nicotine ia a fairly strong base. Oxidation converts it into 
nicotinic acid 


/\_C00H 


u 


N 

the amide of which has proved to be an important vitamin, deficiency 
of which causes the disease of peUagra in man. 

586. Pipeline Piperine is contained to the extent of 5-10 per cent, in 

pepper as piperidine piperate and has the formula: 

0^“CEJ 2 

^2 J) 

-CO CII = CU— CH - 

C J£ 

^Piperidine compo■ne^^- .-Piperic acid component-* 

It is a crystalline solid with a popper-like to^t.. It is readily hydrolysed by 
alkaline solutions to piporidine un<l pip«'ru: acid. 

ALKALOIDS CONTAINING A TROPINE RING 

687. Atropine.— Atropine has the formula shown in § 5M0 It will 
be noted that it contains an asymmetric carbon atom in the tropi 

acid group. 


(Tropine) O CO — C — Callj 


CHa on 

Atropine U tl.c- rf-Uomorido. Atropine is 

in medi^n^as ^ ^ 

eye for undue sweating, secretion of 

sl^vareto. It\ highly poisonous, tlie usual dose being 0 01)025 

vL®ous derivatives of tropine are useil as inydriatioB in place of 
atropine as being loss toxic, 

588. Hyoscyamine. - Uyoseya.m.H- ;« of 'u 

abundantly, in variouH SoUifuicr. 

UBod in the preparation of “‘‘■‘’f’'"'' in ub,o iaoluto.l from 

689. Hyoscine. - llyoHcino. ul»o known »tH I.copouimimr, 
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henbano, beUadonoa, etc. It is a sedative ia small doses (0*0003-0'0006 g.) 
and is extremely poisonous. It is used with morphine for inducing ‘twilight- 
sleep,’ and in larger doses for inducing sleep or, at least, unconsciousness in the 
violent insane. 

590. Cocaine. — Cocaine is extracted from the leaves of the coca 
plant chiefly grown in South America. Its formula is given on p. 532, 
and it is therefore nearly related to atropine which it resembles in its 
physiological action. It is mydriatic like atropine, though much less 
so. It is a much more vigorous local anaesthetic and found great use 
in dental work until replaced by less poisonous derivatives [v. below). 

The chief importance of cocaine to-day is its use by drug-addicts. 
It stimulates the brain and causes a feeling of well-being followed 
later by headache and depression. A habit is rapidly formed and 
mental and moral degeneration soon set in. 

Numerous substitutes for cocaine have been synthesised. ProcatTie 
(also known as novocaiTie) has the formula 


HjN 


ooo-ch^cHjN;^ 


C,H, 

C,H 


while orthocoine is methyl 7rt-amino-p-hydrox3’benzoate 


NH 


HO 


COOCH, 


591. Ecgonine. — Ecgonine ia the simplest of the cocaine type of alkaloid. 
It has the formula 

CHg— CH CHCOOH 

li-CHa CH-OH 


CHb— CH CH 


and is therefore a tropine-carboxylic acid. It can be converted into cocaine 
which is the methyl ester of its benzoyl derivative (u. formula, p. 632). 


ALKALOIDS CONTAINING A QUINOLINE RING 

592. Cinchona-bark Alkaloids. — These include the alkaloids 
isolated from the bark of the various species of cinchona tree, a 
native of the mountainous parts of South America. It is much 
cultivated in Java and India. The bark contains some 5—6 per cent, of 
mixed alkaloids, chiefly quinine and cinchonidine. 

The bark is powdered, mixed with slaked lime, moistened and 
dried. The resulting substance is thoroughly extracted with boiling 
petroleum, ether or alcohol. The solvent is removed and the alkaloids 
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dissolved in dilute hydrochloric acid and re-precipitated with an 
alkali. The mixture of alkaloids so obtained is treated with just 
enough acid to convert them into the normal sulphates,' and by 
careful adjustment of concentration and temperature quinine 
sulphate (which is less soluble than the sulphates of the other 
alkaloids) will crystallise out and can be completely purified by 
recry stallisation . 

The other alkaloids are separated by fractional crystallisation of 

the ‘hydrochlorides’ and by other means. 

593. Quinine. — The very complex formula of quinine is given on 

p. 533. Its preparation has been described in §592 above. ^ 

Quinine is a white solid. The anliydrous alkaloid melts at 174 C.: 
the trihydrate melts at 57^ C. and becomes anhydrous at 12o C. It 
is invariably employed medicinally in the form of one of its salts. 
The sulphate, or occa.sionally the hydrochloride, is employed. 
Quinine and its salts have an intenjicly bitter ta.ste. 

Quinine sulphaU (C^oH^^O.N.lD.SO,. 8H,0. ia sparingly soluble 
in water and alcohol. Its solution.s are .strongly lluore.scent appearing 
colourless by transmitted light, but blue when indirectly illuminated. 

In medicine it is chiefly employed as an antiinalanal. It is 
poisonous to bacteria in general, but seems to exert a much more 
vigorous destructive action on more highly organised protozoa and 
in particular the malarial paraaite. Apart iron. tl.,a act.o,. ,t is tl.e 
moat valuable of antipyretic.,. Tho r.oru.al tcu.iHTaturo .a ..ot 
affected, but the high temperaturu of fever .a ollcti loairid y 

“ovc'rdSsTroduco ririging in tl.e car., and dcaf.ic,,, Imt 

far less poisonous than mo.st of tl.o alkaloid.,, dose., ol 1 g. and orcr 

being tolerated by most persons. 

Quinine has recently been synfhesi.scd Jwt ir 

Two other compound.,, mcp.ac ine and ,..d..d, ...c, ho. I, arnthrl.c 
compounds, arc also circelive again.st inahuia. 

(lU 






CllnO 


/ 




Cl 




N 


1 Tho acid suJphuto C2o‘‘24 


I\Ii;l*A(lU.MO 

n..so., iiid'. ..r.i.d'.inc “"-y 
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Cl/ SnH— C— NH— C— NH • CH(CH.),, HCI 

II II 

NH NH 

Paludbine 

Qulnidme, which is the dextrorotatory stereoisomeride 
of quinine, is also used as an antimalarial. 

CinchoninG Slld CincllOIlidijlG* — Cinchonine and cinchonidine are 
a- and f-storeoisomerides. They are similar in properties to quinine, but of less 
therapeutic value. They have been used in separating the stereoisomerides of 
opticnuy active acids (v. § 236). 


ALKALOIDS CONTAINING AN /-SOQUINOLINE RING 

These include several of the less important alkaloids of opium, 
emetine from ipecacuanha and several less important alkaloids. 

596. Narcotine.— Narcotine (formula, p. 547) remains in the less soluble 
part of opium after morphine (§ 699) has been extracted. It can be extract^ 
trom this residue with boiling etlier. 

It is a very poisonous crj-stailirie solid which is but rarely used in medicine. 

Its chief importance is that it contributes largely to the poisonous character of 
opium. 

SQ/. Emetine.—Emetine is the chief active principle of ipecacuanha root, 
n very stimll ijuimtities it acts as an expectorant, in larger doses as an emetic. 
It has recenUy been found very valuable in the treatment of omtebic dysentery 


ALKALOIDS OF THE PHENANTHRENE GROUP 

598, Opium. Opium is the dried and coagulated milky juice of 
the opium poppy {Pa-paver Somnijerum). Other poppies yield a 
similar though less valuable product. The opium poppy is grown 
cliielly in Turkey, India and Persia. The fruit capsules are scored 
witli a knife and the exuded juice is scraped oflF from time to time and 
finally compacted into cake-like masses. 

Opium contains resinous matter together with a large number of 
alkaloiils, ot which the chief are: 

Morphine. Papaverine. 

Codeine. Narcotine. 

Ihebaino. Laudanosine. 

Of these, only morphine and codeine are employed in medicine, 
l.lpiiirn itself, or the extract of it, ‘laudanum,’ is still much employed 
in medicine, though it is less certain and effective than morphine 
and is very dangerous to young children omng to the strychnine-like 
action of tlie thebaine it contains. Opium is smoked and eaten in the 
I'.nst, but in the West its cliicf use is for conversion into morp hin e and 
codeine. 

599. Morphine.— Morphine (probable formula, p. 547) is extracted 
from opium which contains some 10 per cent, of the alkaloid in the 
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form of the meconate.^ This salt is soluble in water, and conse- 
quently the morphine goes into solution. The solution is treated 
with calcium chloride, when insoluble calcium meconate is precipi- 
tated and morphine (and codeine) hydrochloride remain in solution. 
The addition of ammonia precipitates the morphine with some 
codeine which can be removed by careful extraction with ether or 
benzene. 

Morphine crystallises in colourless prisms containing water of 
crystallisation. It is a fairly strong base and, like quinine, it is 
almost always used in the form of a salt, the hydrochloride or 
sulphate being commonly employed. It is very poi.sonous. Its 
value in medicine is considerable. It relieves pain in a manner 
unequalled by any drug and also produce.s deep sleep. Its danger 
is the ready establishment of a morphine habit very dillicult to 
break and producing rapid physical and mental degonoration. 

The formula of morphine is not to be regarded as wholly certain, 
but the accepted formula (p. 547) with a phenanthrene ring sy.stcm 
spanned by a heterocyclic ‘bridge’ is probably coirect. 

Morphine contains a phenolic hydroxyl group and conseipiently 
has acidic properties as well as basic. The hydroxN grouf) ma> a. 
attacked bv the usual reagents and morphine can thus he eonvcrte<l 
into numerous useful derivatives. Mcthoxy-morplimo is coileine, 
an alkaloid which occurs in opium. IJeroin is duicilyl-morpnne 
Codeine and heroin are similar to morphine in their physu.logical 

action, but are safer in use. » ■ ; i 

When morphine is heated under pressure witli hydro, hlor 

it loses a molecule of waU-r and forms aj,omorphine an a a ^ 

which is a valuable emetic in poisoning cases ou mg to its \ er> • ] 

action. 

OTIIEK ALlvAIA)ll>.S 

600. Aconitine. — Anonitino is containcsj ii. th- ro..t 

of the aconite family. The common monk I , I .I....-, 

is intensely poisonous, about U-UU2 g. lia\ in-: ‘ ii ' ' ' . \ il 'i<n 

The root is\Je<l in medicine a.s a l.r.i.n.-nt T-r on tcr.od m | n •!.- m " 
aa a local aneeathetic. Ita formula Im.n not y« t 

601. Strychnine and Brucine.— StryH.nine 

tained in the seeds of the tropical plants o 1 a ■ ^ hv a 

notably Strychruis Nux-vamicu iroux which 

method8imilartothatde3cribedundcr<imnme(^.*.»_)- . 

tion from dilute alcohol separates the moic bu u > . * 

is occasionally used for separating the ‘ j,, 

(§ 2'M\) but is not otherwise of value- Htry. hnmc is 
medicine and also for destroying vermin . 

» Meconio acid is a hylroxy-pyronc-dicurboxyhc acid. 
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The constitution of strychnine is not quite certain. It contains a 
combination of a quinoline and a carbazole nucleus. The formula 



is fairly well substantiated. Brucine is a dimethoxy-derivative of 
this. 

Strychnine cr3'8tallise3 in colourless prisms very sparingly soluble 
in water. It has an intensely bitter taste, and is very poisonous. 
In very small doses it acts as a tonic and injections of strychnine 
act as a vigorous stimulant to the heart and respiratory centres. 
In larger doses it causes violent tetanic convulsions and death. 
Brucine is very much less poisonous than strychnine. 


PLANT PIGMENTS 

602. Anthocyanins and Anthoxanthins. — The substances which 
give the varied and brilliant colours to plants and their products — 
flowers, fruit, etc. — are of three types. 

(1) The anthoxanthins, which give the feebler yellow tints. 

(2) The anthocj’anins, which give red, mauve, violet and blue 
colours. 

(3) Chlorophyll, carotin and xanthophyll, which give green and 
yellow tints. 

The anthoxanthins and anthoc^’anins are closely allied, and are 
both derivatives of Jlavone which is phenjd-chromone. 
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ANTHOCYANINS 

603. Anthoxanthins. — Most yellow flowers owe their colour to 
carotin or xanthophyll, which are insoluble in aqueous media and are 
found only in the plastid bodies within the cell. 

The anthoxanthins are leas brilliant in colour but are widely 
distributed in plants. Many of the older yellow mordant dyestuffs, 
used before the development of synthetic dj’es, are anthoxanthins. 
Among these dyestuffs are weld (the dried plant Reseda luleola), 
Persian berries, fustic, etc. 

These anthoxanthins occur in the plant as glucosides of hydroxy- 
flavones, the actual hydroxyflavone itself being the dyestuff. Thus 
ItUeolin, the active principle of weld, has the formula 


HOC 


C 


H OH 


C 



HC C CH 

Vq/Xc/ 


o 

H 


H H 


COH 


O 


It is a bright yeUow substance with feebly acidic properties due to 
its phenoUc hydroxylic groups. It dyes mordanted silk and wool 
in beautiful yellow shades. Its strong colour is duo to the pyrone 
ring, a strong chromophore (§ 401). and the auxochroine hydroxyl. 

604. Anthocyanins.— The varied and brilliant colours of flowers 
might be expected to derive from a wide range of colouring matters. 
In fact, however, these colouring matters are glucosides of only a 
dozen or so different substances closely similar in composition, all 

oxonium salts of hydroxyflavones. -xi i. i 1 

Just as dimothylpyrono (§§ 554. 555) forms with hydrochlonc acid 

a dimethylpyronium chloride, 

4 


CH 


O 



H 

C 


=C 


C: 

H 


\o d- H+Cl 

(y 


CH 


CH. 


o= 


o<„ 

H I 

CHs 


ci- 




so also do the hydroxyflavones form hydroxy-flavonium ^Its. These 
salts are the anthocyaoidins and the glucosides of the anthocyamdms 
are the anthocyanins. which are the actual colouring matters of the 

flowers. 
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The best example of such a pigment is cyanin, present in the 
cornflower, red dahlia, rose, etc. 

The pigment cyanin in its blue state is a glucoside of a cyanidin 
base; in its red state it is a glucoside of a cyanidin salt. 

Cyanin = Cyanidin derivative + glucose. 

Since cyanin is a blue base with red salts, the flowers coloured by 
it may be of all shades between blue and red, the colour depending 
on the pH value of the cell-sap. The blue cyanidin base combines 
with acids, as shown in the following equation, giving red salts. 

O OH 

+ HCl- = 

HO 

Blue eyanidin boeo. 



HO 


O 

/'V 


OH 


OH 


\/\/OH 

— HO _ 

Rod cyanidin salt. 

A colourless ‘pseudo-base’ of cyanidin also exists, and is formed 
when solutions of the coloured base are much diluted. 

O OH 

+ H^O == 

/V . OH 


uo 


Cyanidin cohnir base (quinonoid structure). 


O OH 

HO 


OH 

^OH 


Cyanidin psoudo-base (non-qulnonoid and colourless) 

Acids convert it into coloured cyanidin salts. 

The accompanying table gives a list of the best-known antho- 
cyanidiii ])igiuents with some of the plants in which they occur. 


CHLOROPHYLL 
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Anthocyanidin. 


Formula of Chloride. 

O OH 


Cyaaidin 


HO 



OH 


HO 


Dftlp hiniflin 


HO 


OH 


HO 


HO 


Pffionidin 


OH 


OH 


OH 



OH~i+ 


OH 


OH 



och,i+ 


OH 


Occurrence. 

As various gluco- 
sides^ in the rose, 
some dahlias, com- 
flower, poppy, 
chrysanthemum. 


As glucosides in 
delphinium, viola. 


As glucosides iu 
peony. 


Pclargonidiii 


HO 



OH 


OH 


OH 


As glucosides in 
Cl“ salvia, ‘geranium,’ 
some dahlias, 
radish skins. 


Numerous other antliocyanidins exist but differ only in the number 
and position of their liydroxyl groups and the presence or absence 

of methoxy-groups. 

605 ChlorophyU.— Chlorophyll bears a distant resemblance to the 
alkaloids, being built up mainly from heterocycUc mtrogen com- 

^"^Th^greon pigment which i.s extracUKl from, say, a leaf is not a 
compound, but contains; 

(1) Chloropbyll-a . • • • \ Green pigments. 

( 2 ) Chlorophyll-^* • ' r- w I 

(3) Carotin, a hydrocarbon. • yellow pigments. 

(4) Xantbophyll, C 4 oH 6 oC« • • J 

Chlorophyll-a and chloropl.yll are very similar in properties an<i 

1 The point of attachme-nt of the Rlucoao n.oloculo affecta the . olour a.ul 

other proportion. 
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composition. The formula of chlorophyli-a is C55H72N405Mg. 

The chlorophylls are to be regarded as built up from a porphyrin (which 
contains four pyrrole rings), from phytyl alcohol (probably a terpene derivitive), 
a methyl ester group and a magnesium atom. The porphyrins are also obtained 
from hsmoglobin and the general resemblance between the structure of the 
green i^puatory pigment of the leaf and the red respiratory pigment of the 
blood is of great interest. The probable structure of chJorophyll-a is: 


CHo 

II 

CH CH 

I H 1 


H 3 CC 


HC Mg 

n/ ’^N- 

H3C— A A A 




!1 ' * 

■^\ 

CH 

c/ 

■ 


CHg HC 

Ah„ A' 


CO 


2 C02'CH3 


COOCH2— C=C— CjftHai 

CUg CH3 


Porphyrin group. 


Phytyl group. 


In chIorophylI-6 tho formula is CjaH^oN^O-Mg. The methyl at X is 
probably roplacod by CHO* 

Iho mode of action of chlorophyll in bringing about the syntbeaia of sugars 
from carbon dioxide and water is unknown: a sunamary of the accepted facts is 
given in § 300. 


CHAPTER XXXIII 
THE PROTEINS 


606. Occurrence of Proteins.— The name protein is applied to a 
number of highly complex nitrogenous compounds which occur as 
constituents of all Uving matter. The essential living protoplasmic 
contents of the plant cell arc composed mainly of proteins and 
water, though the framework and main body of the plant is corn- 
nosed' of carbohydrate material, cellulose, lignins, etc. 

Animals, apart from water, the mineral matter of their bones and 
of dissolved salts, and the glycogen (§ 298) and fat used by them as 
storage material, are almost wholly composed of proteins As 
examples of proteins we may name egg-albuuun. gelatin, casein from 

milk, keratin from hair. 

007 General Characteristics of Proteins. — 1 rotems always contain 
carbon, hydrogen, oxygen and nitrogen, and commonly also sulphur 
and phosphorus. They are of high molecular weight, are non- 
volatile. and. being decomposed by a very moderate degree of heat, 

do not melt or boil. i- i 4 . 

Some of the proteins have been crptallisetl. but as ordinarily met 

with they are t>T)ical lyophilo colloids. 

Thu.s many proteins readily form gels, iheir solutions are 
opalescent in a ,,owcrful beam of light, an.l they are throven ont of 
Bolntion by electrolytes, a property of use lor tl.eir uientil.catio.. 

and nuriheation (§611). 

The proUdns behave towards acids and alkalis m much the same 

way as do amino-acids (§ 227). They combine both with acids and 

with alkaUs. and. in view of the phenomena connec ed with the 

isoelectric point, it is probable that they also iorni /.witWr-ions. 

The solute in a colloidal solution is normally electriculls chaigcd. 

Proteins in solution in acids are positively charpd, and m 

in alkaUs are negatively charged. At a certain pH vah.o ot the 

solution, the dissolved proU-in apparently carries no charge. Ihis 

value is known as the isoelectric point and is a constant tor eacdi 

individual protein. Thus for egg-albumiu it is 4-8, tor gelatin l i, 

and for oxyhacmoglobin 6-7. . 

These facts have been explained by regarding proUnn-s us ver\ 

complex amino-acids capable of forming zwitter-ions (§-.-7). iho 
* r>65 ^ 
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isoelectric point is that at which the protein is in equilibrium with 
its neutral zwitter-ions, 

NHjj-X CO-OH ^ +[NH3-X C0 0]-. 

The addition of acid will convert .hese into the basic ion, 

+[NH3-X-C0 0]- -f H+ ^ +[NH3-X-C0 0H], 

and will thereby cause further dissociation and solution of the 
protein. 

Alkalis will convert the zwitter-ions into the acidic ion, also 

mcreasmg the degree of dissociation and thus the solubility of the 
protein. ^ 

-HO -f +[NH3-X-C0-0]- HgO + [NHj-X CO O]- 
A consequence of the above reactions is that proteins act as 
buffers. Hydrion or hydroxyl ion added to them will be largely 
removed by combination with the zwitter-ions, and consequently 
a comparatively large quantity of acid or alkali can be added to a 
protein solution before its pH value is appreciably lowered or raised. 
Ihis phenomenon is doubtless of much importance, in view of the 
tact that the protein-containing liquids of the body, such as the 
rru fact, maintained at a closely regulated pH value. 

Ihe chief chemical characteristics by which proteins in general 
are recogmsed are given below. 

^^cids, enzymes, etc., to simpler com- 
a’ ultimate products being amino-acids ^ {§ 609). 

(-) A senes of reactions with various reagents, most of which are 
in reality tests for amino-acids derived from the proteins and not 
tor prot-eins themsolves. 

'Ihe chemical reactions employed to detect or identify the proteins 
include the following: 

(«) Tfie Biuret lieaction (§ 312).-To a solution of a protein, made 
stroiigl\ a kalme with caustic soda, is added a solution of copper 
sulphate, drop by drop. A pink or violet colour indicates a protein 
or some substance containing at least two — NH— CO— groups 

1 'cd together. Thus it is given, not only by proteins, but also by 
most of their products of hydrolysis. ^ 

(6) Xanthoproteic Beaction.— ’Proteins when heated with nitric 
acid give a yellow precipitate or solution, which on addition of alkah 
becomes orange. The reaction is due to the presence of amino-acids 
contammg benzene rings (tjTosine, tryptophan or phenylalanine), 
aromatic nitro-compounds being formed. 

y) Miljon's Jteaction.~A solution of mercuric and mercurous 
mtrates m water containing free nitrous acid (Millon’s reagent) 

.nV'cWp;:; ^ “Udeo-proteias. chromo-proteins 
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gives a pink or red coloration and precipitate when warmed with 
a protein. The reaction is due to the amino-acid tjTOsine (§609). 
Hence gelatin, which yields no tyrosine on hydrolysis, does not give 

this reaction. 

(d) The Lead Sulphide Reaction , — The protein is warmed with 
caustic soda and a few drops of lead acetate. A deep brown to 
black colour is produced. Only those proteins which contain sulphur 
give this test. Gelatin contains no sulphur and consequently does 
not respond to the test. 

(e) Qlyoxylic Reaction.— A solution of glyoxyUc acid (prepared by 
reducing oxalic acid with magnesium or ^vith sodium amalgam) 
gives a violet coloration with such proteins as yield trjqitophao 
(§ 609) on hydrolysis. Certain proteins (gelatin, zein) yield no 
trjrptophan, and accordingly do not give the reaction. 

(/) Moliach Reaction . — A few drops of alcoholic a-naphthol are 
added to the solution of the protein and then concentrated sulphuric 
acid. A violet colour, which turns yellow on addition of alcohol, 
ether or caustic soda, is produced. This reaction only indicates the 
presence of a carbohydrate grouping in the protein molecule, and is. 

therefore, not given by many proteins. 

(< 7 ) Precipitants for Proteins . — Proteins are precipitated by the re- 
agents mentioned in § 582 as giving precipitates with the alkaloids. 


STRUCl'URE OF THE PROTEINS 

608 Molecular Weight of the Proteins.— Like all colloids, the 
proteins are of very high molecular weights. Rough estimates of 
these magnitudes have been reached both by physical and by 

chemical methods. . i 

Physical methods are not easily applicable. Determinatioiys ol 

the osmotic pressure and freezing po int of their solutions indu-ate 
for egg albumin a molecular weight of about 30,000. The determma- 
tion is at best approximate as it is difficult both to inirity thc.se 
compounds and to be sure that no alteration in them has taken 
place. Moreover, it is doubtful whether the simple application ot 
the gas laws to the osmotic pressures ot solutions is strictly valid for 
molecules which physical measurements imlicate to be as much as 
4 fifi. (4 X 10"’ cm.) in length. Svedberg detennineil the molecular 
weight of proteins by measuring their rate of aecliincntalion under 
an intense gravitational field induced by a centrifuge. He found that 
there are two classes of protein: (1) those having a molecular weight 
of the order of 10®. These are few in number and include ha.*ino- 
cyanin tbe blood pigment of the snail, which according to his 
ineasurements has a M.W. of ca. 5,000.000. and a radiu.s of 12 
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(2) ITie remainder of the proteins which he finds to have molecular 
weights of approximately n X 17,600 where n is a small whole 
number. 

Chemical methods of deducing the molecular weights of proteins, 
based on their composition, give a fairly reliable minimum value. 
Thus egg albumin contains 1'30 per cent, of sulphur, and on hydro- 
lysis yields it up mostly as cystine (§ 609), which contains two atoms 
of sulphur per molecule. Accordingly the molecule of egg-albumin 
must contain al l^ast two atoms of sulphur and may be represented 
as XSg. It follows that one M.W. of albumin contains 64 units of 
sulphur. But 1*3 units of sulphiir are contained in 100 units of 

albumin. Therefore 64 units of sulphur are contained in 

1*3 

units of albumin. The molecular weight is therefore at least 4,920. 
But it seems fairly certain that all the sulphur is not present as 
cystine, some being present as cysteine (§ 220); also there maj' be 
more than one cj^stine group per molecule of protein. Consequently 
wo can say that egg albumin has a molecular weight of not less than 
5,000; Svedberg’s work indicates a value of about 40,000. 

A favourable case for the application of this method is oxyhemo- 
globin which contains 0-4— 0-5 per cent, of iron. It follows then 
that, if only one iron atom is present per molecule, its molecular 
weight is about 14,000. Svedberg’s method gives 68,000, suggesting 
that four or five atoms of iron may be present in the molecule. 

609. The Hydrolysis oi Proteins. — ^Vhen a protein is boiled with 
concentrated hydrochloric acid or with 25 per cent, sulphuric acid 
lor some hours a complex mixture of amino-acids is obtained. The 
sini|iU*r jiroteins yield no other substance, but the nucleo-proteins, 
chromo-proteins and sclero-proteins yield other substances in 
addition. 

1 he hydrolysis may also be carried out bj’ the use of an enzjune. 
Irypsin, present in the pancreatic ferment, and papain from the 
papaya fruit accomjilish complete hydrolysis of proteins. Pepsin, 
present in the gastric juice, breaks up proteins only to peptones, 
which appear to be complexes formed from several amino-acid 
luolcciiles. Our knowledge of the constitution of proteins is gained 
from a study of these mixtures of amino-acids. The separation of 
those acid.s from the mixture obtained bj' hydrol 3 ’sis is a process 
requiring the highest degree of manipulative skill. The method 
developcti I'ischer depends on the follo^ving general principles 
of procedure. 

The protein is h^’droh’sed by heating it with concentrated hydro- 
chloric acid, thus forming the hydrochlorides of the various amino- 
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It is then saturated with gaseous 


^CO-OH 

acids, e..g. CHgC 

^NHaa 

hydrogen chloride and treated with alcohol, so converting the 
hydrochlorides of the amino-acids into the hydrochlorides of their 

ethyl esters ^ (cf. § 90): 


CHa 




COOH 


COOC^H 


NH 3 CI 


CH- 


\ 


+ NaCl + HjO 


4- HO CoH. ^ CHa<; + HaO. 

\NH 3 Cl 

These hydrochlorides are very carefully made alkaline, avoiding any 
excess which might hydrolyse the ester. 

.COOC.H5 XO-OCaHs 

+ NaOH = CHa<' 

NH3CI ^NHa 

The free esters of the amino-acids are extracted with ether. 

Now the original amino-acids were non-volatile and almost 
impossible to separate, but the esters of these acids can be pac- 
tionally distilled under very low pressures of, e.g., 0 2 mm. '^th«>ut 
decomposition. This process, of considerable technical difficulty, 
yields a series of fractions of esters boiUng over a range of 100 C. or 
more. The esters are then hydrolysed to the free amino-acuU, 
which are further purified by fractional crystalUsation. 

Other methods of separation have now been devised, such ns 
extraction of the mixed acids with butyl alcohol, partition ehromuto- 
trraphv and ion-exchange. 

About twenty-five amino acids have been separated by these 
methods The most important and abundant ot them are given in 
the list which follows. It is probable that other amino-acuU not yet 
isolated arc present in the proteins. 

Monoamino-moiuiba'Sic Acids 


Glycine 

Alanine 

Serine 

L#eucine 


a-Aminoacetic acid 


NHo CHo CO-Oll 

COUIl 


/ 


a-Aminopropionic acid CH3-C1I<^ 


Nil 


a-Amino-/ 8 -hydroxy- 
propionic acid. 

a-Amino-y-methylvaleric 


110 CH,— CH; 


acid 


t’H 


COOH 

NH 2 

(’OOH 

NH» 


CH flla-CH 

CH 3 ' 

» AJturnativcly tho aci.ls moy b.» ronvorted into tl.oir l.nul Halta. whirl, may 
tiH.n ho convortwl into tho osUth. Tho method givoa hotter y.eldH. a.s water ran 

bo roinovfMl (§ UO). 
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Cystine . 


Ornithine 


Lysine . 


Arginine 


Aspartic acid 


Glutamic acid 


Tvroaine 


THE PROTEINS 

Diamiru)~dibasic acid containing Sulphur 


HOOCv .CO OH 


NH 


2 


\ 


NH 


2 


< 


CO-OH 


Diamino-monobaaic Adda 
aS-Diaminovalerio acid 

NHa-CHa-CHa-CHa-CH 

oe-Diaminocaproic acid 

/CO-OH 

NHa-CHa-CHaCHaCHaCH/ 

^NHa 

a-Amino-S-guanidylvalerio acid 


NH 


2 


NH,. 


NH 


/COOH 
NH'CHgCHsCHj-CH/ 

\NH, 


Monoamino-dihaaic Adda 


Aminosuccinic acid 


CHa-COOH 


CH 




NH 


\ 


COOH 


a-Aminoglutaric acid CH,-CO-OH 


CH 


2 


✓NH, 

CH^ 

^COOH 

Amino-acida containing Cyclic Systems 
p- Hydroxj'pheny lalanine 


HO 


< 


COOH 


CH,CH 


✓ 

\ 




C-CHgCH 




NH, 

COOH 


jcH 

mi 


\ 


NH 


2 


Tryptophan . /S-Indolylalaniae 
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Thyroxine 


Histidine 


HYDROLYSIS OF PROTEINS 

I I COOH 

HO<^ )>— 0-<C )>CH,CH 

I I nh, 

jS-Iminazolylalanine HC ~ C — CHj'CH 


COOH 


NH, 


HN N 
H 


Proline . . Pyrrolidine-a-carboxylic HjC — CH, 

acid I I 

H,C CHCOOH 

NH 

Hydroxyproline HO'CH CHj 

H 3 C CHCOOH 
NH 


610. Arrangement o! Amino-acids in the Protein Molecule.— By 
careful hydrolysis of the proteins certain simpler compounds inter- 
mediate between thorn and the amino-acids have been isolated. The 

stages in hydrolysis or digestion seem to bo: 

( 1 ) formation of meiaproUins very little different from the 

proteins themselves; 

(2) formation of proteoses. These are colloUlal in character. 

They have smaller molecules than the proteins as shown 
by their more ready diffusion through membranes; 

(3) formation of peptones. These diffuse still more readily. lhe\ 

are not precipitated by salt solutions. 


Hydrolysis by 25 per 
cent, sulphuric 
acid, papain, 
trypsin. 


Protein 

I 

Metaproteins 

Proteoses 

Peptones 

I 

Peptides 

Amino-acids. 


I 

I 


Hydrolysis by 
pepsin. 
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Very few of these substances have been prepared in a pure con* 
^tion or in a quantity which might enable their constitution to be 
investigated. Substances resembling the peptones have, however, 
been sjTithcsised and this is the chief piece of evidence bearing on 
the structure of the proteins. 

It was observed that proteins when treated with nitrous acid gave 
very little nitrogen (§ 122); accordingly it was inferred that the 
groups of the amino-acids were not present as such in the 
protem molecule. It was concluded that the linkage between the 

R 

amino-acids might be of the type | | resulting 

— CH— CO NH— CH— 

from a reaction such as 

R R' 

I I 

NHgCHCO-OH + HsNCHCO-OH 

R R' 

= NHa-CH CO-NH CH CO OH -f H3O. 

The complex so formed could again be linked in the same manner: 
R R' R" 

I I I 

NHjCHCO-NHCHCOOH + HjN-CH-CO-OH 

R R' R" 

I I I 

= NH2CHCONHCHCONHCHCOOH+ HjO. 

It will be seen that an indefinite repetition of this process might 
build up molecules of indefinitely large size and composed only of 
amino-acids. Such compounds have been synthesised and are known 
ns polypeptides. Several methods of forming them were found 
successful, of which the following was probably the best. As an 
example the sj-nthesis of leucylglycylglycine may be given. 

GlycocoU ester wlion heated forms 2 : 5-diketopiperazine: 

NH3CH2COOC2H5 NH— CHa— CO 

C,H,-O COCT, NH, “ CO— CH,— NH ^ 

which when hydrol^’sed gives glj'cylglycine: 

NH— CHa— CO HO 

I I + I = NHa-CHa-CONH-CHaCOOH 

CO — CHa — NH H Olycylglycine. 

'I'his simple dipeptide was then converted into its ester and treated 
^^^th a-bromocapron}’! bromide: 


POLYPEPTIDES 


573 


^^^^XcHCHjCHBrCOBr + HiNCHjCO-NHCHa-CO-OCaHs 

CH3^ 

_*^H3\^^^g^.^^g-gj..QO.NHCH2CO-NHCH2-CO-OC2H5+HBr 

CH ^ 

Careful hydrolysis converts this ester into the free acid and treat- 
ment with ammonia replaces the bromine atom by an ammo group, 
yielding leucylglycylglycine, a tripeptide. 

‘^®*\chch.chconhch.-conhch,cooh. 

CH.^ 1 

NH, 

Similar processes have enabled Abderhalden to prepare a poly- 
nentide containing 18 amino-acid units. 

^ These polypeptides bear a close resemblance to the natural 

peptonea ma^fb^ the hydrolysis of f tftbev 

bit^r taste give the biuret reaction, and most sigmBcantlj, if they 

are composecTof the same amino-acids' as occur m P-'ot'""". 

they can bo ‘digested’ by trypsin, the pancreatic ferment. 

The first stage, then, in tbo building of ammo-acids into P^ote ms 

is probably tlui formation of largo polypeptide molecules. Ih- 

staL is probably that of the natural peptones. Ibo peptone mo e- 

^ulfLre not however, bound into proteose or proUun molecules by 

— NH— CO— linkages, for such linkages are not broken by pepsin 

^iTgeHion The proU*Ln.s arc broken up by pepsin into peptones 

thich cannot tl.cmsclvcs l.e further broken up 

trvi.sin or acid.s easily bydroly.so ti.em to ammo-ueds. " » 

I** virtualise the protein inoleculo an af^gregato of 

peptoim moleeules, themselves aggregates of arnino-aeids hound by 

“Tim natTro' ottbrUnkages connecting the peptone molecules is at 

of Individual Proteins.-Methods of purilication 

— “tl^Ue-ft^mn- 

of hearan.1 it is o.dy iu a few cases that crystalbsat.on ,b poss.ble. 

.The a.nin.,-aci.l. are all optically active, oontai.m.g the group, ng 

H 

R'C-CO-OH. 

Thc,/.i«oinorido« ..ro unually foufd lulo ,>rodu.t« of prot^m hyOrolyH.s. 
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In moat of their properties the proteins are very much alike and 
their separation is not easy to accomplish. The purification of a 

protein fal^ into two parts: (i) removal of non-protein substances; 
(2) separation of the proteins present. 

The means used to accomplish the purification of protein material 
from unpurities of lower molecular weight is dialysis. The protein 
solution is placed in a parchment bag or thimble round which 
circulates clean water. The crystalloid impurities diffuse through 
the parchment, while the colloidal protein remains within. 

The separation of one protein from another is usually accom- 
plished by precipitation with ammonium sulphate. Each protein 
is thrown out of solution when the concentration of ammonium 
sulphate reaches a certain definite level. It is thus possible to 
precipitete the proteins in a mixture separately and successively by 
increasing the concentration of ammonium sulphate. 

612. Classification of the Proteins.— The proteins fall into several 
well-marked groups. 

(1) Protamines 

(2) Histones 

(3) Albumins 

(4) Globu lins i SiMPLB PSOTEENS. 

(5) GHadins 

(6) Glutelins 

(7) Scleroproteins 

(8) Phosphoproteins 

(9) Nucleoproteins 

(10) Glycoproteins Conjugated Proteins. 

(11) Cb romoproteins j 

The above classification is convenient, but in view of our small 
knowledge of the constitution of these bodies, it may well prove to 
be a very artificial one. 

613. Specific Characteristics of Proteins.— Any description of the 
choimcal properties of the proteins must be inadequate, for only 
their crudest and most extensive reactions are appreciable by our 
technique. \\ e can detect and to some extent estimate their con- 
stituents by the tests of § 609, measure their rotatory power, ascer- 
tain the effect of heat on them and study their products of hydrolysis. 
For such a complex and reactive molecule, these properties serve 
most madequately as a description, since points of difference, which 
are of the first importance in the biological reactions of the proteins, 
are quite undeteeUible by chemical methods. Thus the albumins 
from the eggs of a ben and of a duck appear chemically identical. 

If, however, a guinea-pig be sensitised by injection of a minute 
dose of hen’s egg albumin and, after a few days, injected with a small 
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dose of a hen’s egg albumin, death follows rapidly from ‘anaphy- 
lactic shock,’ while if duck’s egg albumin be administered on the 
second occasion no effect whatever results. Thus each protein which 
we regard chemically as an individual appears to exist in a different 
form in each animal species. 

It is not surprising, however, that such a vast number of protems 
exist. A fairly simple protein molecule contains some 300 amino-acid 
residues, of up to 22 different kinds. The possible permutations 
of these may obviously give rise to millions of different 

proteins. 


614 Protamines and Histones. — These proteins are obtained only from 
conjugated proteins (§§ 618. 619) in which they occur as compounds with 

“""xheyTontl^i* no sulphur and by hydrolysis give mainly diamino-acids 
(ornithine, lysine, arginine) and histidine. 


615 Albumins. — This important class of protein includes egg 
albundn from white of egg and serum albumin from blood 

albumin has been obtained in a pure crystaUine condition by 
beating it with its own bulk of satmated ammomum sulphate. Ibe 
other proteins present are precipitated and are altered olf. Ten per 
cent acetic acid is added tUi a permanent precipitate is reached, and 
a slight excess of acid U then added. An amorphous preeipitate is 
formed which becomes crystaUine after a few boars It by no 
means certain that this crystaUine substance w identical unth the 
protein present in egg-white, but it is at least a pure protein closely 
related to it. It may possibly be an acetate of a protein. 

Egg albumin, both dried and Uquid, is an article of commerce, 
several thousand tons being prepared yearly for various purposes, 
chiefly the manufacture of foodstuffs. It U einp oyed al.^o as a 
thickening for the colouring matter appUed to cloth in the process 
of textile printing. Egg albumin forms a transparent horny sohd 
which dissolves to a la;vorotatory colloidal solution It 
testa for proteins described in §607. When heat^ 
coagulated, i.e., converted irreversibly into a white jelly-hko sub- 
st^ce. Nothing is knovm about the chemistry of this change. It 

occurs at different temperatures vdth different proteins. 

The coagulation does not take place at an exactly fixed tempera- 
ture the rate of heating having some influence. 

Serum albumin much resembles egg albunun. It is obtained from 
blood This is whipped i^-ith a bunch of twigs, when fibrin separates 
^t as threads adhering to the twigs. The liquid residue is centn- 
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fuged to remove blood corpuscles and then half*saturated with 
ammonium sulphate. This precipitates serum globulin. The solu* 
tion is then dialysed till free from ammoniiim sulphate, when serum 
albu min remains. 

In its general properties it closely resembles egg albumin, but has 
a greater specific rotation and differs slightly in its ease of preoipita- 
tion. LUce egg-white, it coagulates when heated. 

It is used like egg albumin in textile printing. 

616. Globulins* — Those pro teiz^ include many fo\ind in animals and plants. 
The most important are (1) Scrum globulin, contained in blood serum; (2) 
Fibrinogen, also occurring in the plasma and converted into fibrin when the 
blood clots; (3) Zein, from maize; (4) Legumtn, from beans. 

They are distingxiished from the albumins by being insoluble in pure water 
though soluble in weak salt solutions. They are more easily precipitated by 
ammonium sulphate than the albumins. 

^17. G l i adi ns und Glutclins are contained in cereal grains. Oluten, 
which is obtained by washing wheat flour so as to remove the starch grains, 
contains several proteins of this type, notably gliadin. It is a tough, insoluble, 
clastic, groyish •yellow solid which dries to a homy mass. Gluten gives coher- 
enco and tenacity to bread. It is also of much value as a foodstufT, affording 
the nitrogenous element which bread would otherwise lack. 

618. FhOSphoprotClUS. — The phosphoprotelns contain phosphorus which 
is split off by dihite caustic soda as phosphoric acid. They are insoluble in 
water, but soluble in alkalis and acids. They include viicllin from yolk of 
egg and case i nogen from milk. 

Coseinogon exists in solution in milk. In presence of acids or of rennet (a 
ferment prepared from the calf's or pig's stomach) it becomes changed into the 
insoluble casein* The milk is then said to be curdled. The curd, consisting of 
casein, is the starting point of cheese. Casein is an article of comraerce and is 
prepared from the skim^inilk left after the separation of cream. It is employed 
in foodstuffs and also for making artificial ivory, distempers, dressings for 
papers, etc. 


619. Nuclcoprotsins ore of great interest as being invariable constituenta 
of the nucl'*i of all celU. They ore very complex substances and ore composed of 
several groupings, themselves very complex. Their composition is expressed in 
the diagram which follows: 


PIUJTEIN 


NCCLEOrROTBIN 



KTCLEIN 

I 

I I 

rnoTBiy NUCLEIC ACID (PoljTiucleotido) 


NUCLEOTIDE 



enospauRio acid nucleoside 


PORINE BASES 


PSNTOSB 



GELATIN 
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The tremendous complexity of such a molecule gives a sufficient notion of the 

difRcultios wliich confront the biochemist- -u r r 

620 Glycoproteins^ — The sUmv substances present m mucus, the slime ol 
,nai^'et^.“o compounds of proteins and carbohydratas-the la.tar u. t).e 

a,. a.bumin in e,g-,rhi.e gives on 
hydrolysis about 70 per cent, protem and 30 per cent, glucosamine. 



OH 


GUicoHamine. 

621. Scleroproteins.-A number of insoluble protein substances 
occur as skeletal tissues in tl.c bo.iy. Notable among tltese are 
collagen, the chief constituent of cartilage and white fibrous t.ssue 
el^in, contained in yellow fibrous tissue, and fcerafm, the eonstituent 
of skin, horns, wool, hair, nails, etc. None of these can be purifieil, 

as they are insoluble and non-volatilo. 

They show considerable resistance to hydrolysis and the action ot 

digestion. Collagen on hydrolysis gives much glycine and liidroxy- 
proline. while keratin is remarkable for the liigh proportion ol tlie 

Buliihur-containing cystine wliieli it yields. .... , ■ 

When collagen is heated witli water for some time it is converted 

into the important substance ydatin. , , ^ ^ , , , . , 

GcloUn is obtained by treating hones ivith dilute hydroel.UirK ai id 

to remove calcium phosphate and heating the product to Wl-.D C, 
for some time. Tlie collagen dissolves and the product on cooling 

Btits to a iollv which is sliced an<l dried. 

Lens pure gelatin is made from skins, while glue is prciian-d r..m 

bones ofless good quality together with scraps of hides, slaughter- 
house refuse, etc. , ^. 1 ,,.,, 

Gelatin when pure is a colourless, transparent, horny sohd. W h 

immersed in water it swells, and on warming finally <lisso vvs 1 he 
resulting solution, if it contains as Uttle as 1 per cent, ol gclatm. srls 

to a iellv on cooUn^!- 

Gelatin is reniarkatilo as giving neither tryptophan nor tyrosine 
on hydrolysis. It therefore docs not respond to Millo.i .s or the 
glyoxylic reaction for profoins. If pure it does not give ll.e lead 
Llphido test. Tlio chief acids produced by its hydrolysis ai . gl\ cuio, 
proline and hydroxyprolino. 
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Gelatin is used for a great variety of purposes. Pure gelatin is used 
in making all manner of jellies, ice-creams, sweets, etc., and finds 
some uses in medicine. Photographic emulsions have gelatin as a 
base. Glue is used mainly as an adhesive, but also as a size for 
treating walls, paper, etc., to diminish their absorbent powers. 

622. Chromoproteins. — The chromoproteins consist of a protein 
combined with a colouring matter. Various substances of ♦^hia type 
are known, but the hsemoglobms, or red blood-pigments, are by far 
the most important. 

Haemoglobin is contained in the red corpuscles of the blood. The 
corpuscles are destroyed by addition of a little ether or toluene or 
by other means, and the blood cooled to -10® C. Crystals of 
oxyhaemoglobin come out on standing. I’he crystals differ according 
to the animal used, showing that the oxyhaemoglobin, like other 
proteins, differs according to its source. The shapes of the crystals 
have been used to identify blood as belonging to a particular species. 

623. Haemoglobin and Oxyhsemoglobin. — Haemoglobin, which is 
dark purple, readily takes up free oxygen from the air and forms 
oxyha?moglobin, which is scarlet in colour. This latter compound 
is readily broken up, and in a vacuum gives off all the oxygen 
taken up: 

Hemoglobin -f- O 3 OiyhaBmoglobin. 

Rcilucing agents remove the oxygen very readily. Haemoglobin also 
foriu.s compounds mth carbon monoxide and ^vith nitric oxide; the 
carboxy-ha?moglobin formed from the first of these is very stable and 
no longer combines with oxygen. .-Accordingly, carbon monoxide 
rendcr.s the blood useless for respiratory purposes and rapidly causes 
ilcath. 

1 lie function of the ha-moglobin in the blood is to take up oxygen 
in the lungs and carry it, in the form of oxyha;moglobin, to the 
tissues. Ihe Concentration of oxygen in the tissues is low owing 
Id the oxidative j)rocesses going on therein, and the oxyhajmoglobin 
gives up its oxygen and is then returned as haemoglobin to the lungs 
where it receives a fresh supply. 

Con.stitution of Hcsmoglobin . — Gentle hydrolysis splits haemoglobin 
into two parts: (I) a protein, globin (94 per cent.), which differs 
according to the animal from which the blood was derived; 
(2) li.xmiatin (4-;) per cent.), which is always the same whatever the 
source of the blood. 

Ihrnmtin forms bluish-black crystals. With acids it gives 
ha;min, probably a hydrochloride; concentrated sulphuric acid 
converts it into the deep purple hajmatoporphyrin. 
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Carboxy-hcernoglobin 


reducing agent 

Oxyhfl&rnoglobiD H®niochroinogen 

1 V and alkali (contains Ferrous 
N. iron) 

X 

_H®moglobm rMethajtnoglobin 

dilute I acids 


HCI 


Globio 


Haunatin — Ha'min 

C34H3204N4fe(OH) 

j H 2 SO 4 

il a'lnatoporpliV rin 

(Iron free) 
redaction 

Htcmopyrroles* 


Vigorous reduction of this latter substance with phosphorus and 
iodine gives hcBmopyrrolea such as CHg-C — C-CjHj identical with 


CH,C C-CH 


HN 

those obtained from chlorophyll. 

Hicmatin and haunin have been synth(*sisc<l by 

The formula of haunin is 


1 [ans Fischer 


CHa=CH 


CH 


C 

CH3— C C C C— CH^Cii. 

\ 1 II 

C=N N— C 

y' N V 

HC FeCl CH 

V \ 

C— N N— C 

XI IV 

CII3 — C c C C — CH, 

VqX Vch^ VqX 


CHa-CHjCOOH 


HOOCCHa-CH, 
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This formula should be compared with that of chlorophyll. The 
iron in all these compounds is present as a co-ordination complex 
(cf. the feiTOcyanides) and so does not give the reactions of ferrous 
or ferric iron. The iron is tervalent in all these compoimds except 
haeraochromogen. 

Hsematin prepared synthetically can be made to combine with 
natural globin, so giving haemoglobin, recognisable by its absorption 
spectrum. 

Methcemoglobin, which seems to be intermediate between hemo- 
globin and oxyhemoglobin, is formed by the action of mild oxidising 
agents on hemoglobin or of mild reducing agents on oxyhemoglobin. 
It is produced in the blood in cases of poisoning by chlorates, nitro- 
benzene, etc. It is not available for respiratory purposes. 

HcBTnochroviogen does not occur in blood but is readily formed from 
it by the action of alkalis and reducing agents. Its absorption 
spectrum is readily recognisable and affords a means of identifying 
old blood-stains. The iron in it is probably in a lower state of 
oxidation than in the haemoglobins. 



CHAPTER XXXIV 
THE VITAMINS 


A diet of minerals, fats, carbohydrates and proteins is not 
sufficient to promote health and growth in animals. Small quantities 
of organic compounds are required in addition. These compounds 
are named vitamins. There are over twenty vitamins known. Only 
vitamins A^. Bj. B,, C and D will be discussed below. 

624. Vitamin A. — Vitamin A is found in the liver oils of nshes. 
It is also formed from carotene, a compound which is responsible 
for the yellow colour of flowers, roots (carrots for e.xample) and lats. 
Vitamin A^ has the formula C^oH^oO. It is a primary alcohol and a 
polyene. On catalytic hydrogenation it takes up five molecules of 
hydrogen to give perhydro-vitamin A^. On treatment with ozone 
vitamin A^ gives geronic acid ( 1 ); the same product is obtained from 

tlie ozonolysis of carotene. 

CH, 


CH 


O 


2_CH2— CH.^— C— coon 


(I) 


CH 


The structure of vitamin A, has been shown to be 

CH, CHa CH 3 ^>^3 

CH = CH— C = CH— CH = CH— O = CH 


H,C 


H,C 



('H.on. 


CH, CH 


Tliis is difficult to syntheBise on account of the unsaturated side 
chain. The 8>'nthe8i8 has however been carried out in several dilfercnt 

waj'S. 
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625. Synthesis of Vitamin A. One s^mthesis is given. The skeleton 
is built up in two stages. ^-lonone (I) is condensed with ethyl 
chloroacetate (II) in the presence of sodium methoxide and the 
product is hydrol 3 '^sed and pyxoh'sed to give the aldehyde (III). 


CH3 CH3 

c 

/\ 


H.,C 


H.C 1 . 


\ 


/ 


C • CH = CH • COCH3 


HoC 


CS3 CH3 

\/ 

C 


CH. 

ft 

I 


C • CH3 + CHoCl • COOCnHs 


C • CHn • CH — C * CH: O 


CH., 

I 


n 


H«C yl' C • CH, 

CHa 

in 


III) is condensed with the magnesium bromide derivative (IV) of 
an acetylenic compound. The resulting substance (V) has the 
skeleton of vitamin A. (V) is reduced using a partially poisoned 
catalyst; the effect of tliis is that the triple-bond is reduced to a 
double bond, giving (\'I). (VI) has a primarj' and a secondar^’^ OH 
gro\ip. The primary’ group is more readily acet^dated. The acetj'lated 
compound (VII) is treated with iodine to give (VIII) which is the 
acetate of vitamin A. Hydrolj'sis of the acetate gives the vitamin 
itself (IX). 

CH 3 

I 

BrMg— C ir:- C— C = CH— CH 2 OH. 

IV 


CH, 



Hx; 

V ' 

/\ 

nx’ 

1 

k . 


CK 


X /\ C • CHg • CH : C(CH3) • CH(On) ■ C 


(.II 


C • C(CH3) : CH- CII2OH. 


CII3 CII3 

\ / 

/ 

c 


HaC 


HX 



C • CII2 • CH : C(CHj) • CH(OH) • CH = CH • ClCHs) : CH • CH2OH 


C • CH3 


CIU 


VI 
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CH 3 CH 3 

\ / 

C 


HaC 


H.,C 


C • CH.. 


C CH 3 
\ / 

CHg 


CH : C(CH3) • CH(OH) • CH : CH — C{CH3) : CH • CH2 OOCCH3 


VII 


CHg CH3 
C 

HoC (^\ C • CH : CH • CCCHj) : CH • CH : CH • C(( H,) : CH 


HgC C-CHa 


CHmOOCCH3 


CH 


VIII 


CH3 


dig 


C 


HgC 

/x 

C • CH : CH • CfCHg) : 

H^C 


C • CH3 


CHg 


CH • CH : CH • CCCHo) : CH • CHgOH. 


IX 


Vitamin A promotes the growth of young animals. Deficiency of it 

leads to night-blindness. . . 

626. Vitamin B. — The substance ongnially called vitamin B 

has been shown to be a mixture of compounds. These are known as 
the vitamin B complex. Twelve vitamins have been isolated from 
this mixture. The vitamins are obtained mainly from liver, yeast 
and milk. They all stimulate the growth of micro-organisms. 

Vitamin Bj or ancurin (called thiamine in the United States) is 
necessary for normal carbohydrate metabolism. Deficiency of 
vitamin B, leads to neuritis and beri-beri. 

The formula of vitamin B, is On treatment with 

aqueous sodium bisulpluto two products were obtained: a base 
(’gHpONS and a sulphonic acid These Nxere showm to 

have the structures 1 and II. 
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CH3 

C—C CH^CH^OH 

\ I 

CH— S 

I n 

From this evidence tlie structure of the vitamin was shown to be 




The vitamin has been sunthesised in several ways; all are very 
conijilicated. 


VITAMIN B.. 

\’itainin Ho. rilxiflavin or lactoflavin is stable to heat. It has the 
.strnelurv 

CH3(CH0H)3CH20H 

o 


The carbohvflrate portion of tlie molecule is D-ribitol. 

Vitamin li.> has been .s\nulicsised bv a number of methods. One 

m * * 

moflioil is as follows; 

d-Kib(^se (11) is reductively condensed with dimethyl-o-xylidine 
(T) to (III). 
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(CHOHV 

n 


CH,OH 


CHj(CHOH), CHiOH 




III 


(111) is coupled with 7 j.nitrophcnyi<liazoniuin chloride to give IV 


CH; — (CHOIDa — CH^OH 


CH, 



Nil 



N:N — QH-NO, 




IV 


Catal 3 ’tic reduction of the coupled comi^ound gives (^ ). 

CH — (CHOHIj — CH,OH 



V 


The amine (V) is condensed with alloxan (VI) in tlio presence of 
boric acid to give lactoflavin (VIl). 



586 


THE \HTA3VIINS 



O 

VI 


CH— (CHOfOi—CHjOH 



O 


vn 

627. Vitamin C. — Mtamin C (ascorbic acid) is a carbohydrate 
dcTivative. It is found widely in animals and plants. It is obtained 
naturally from the adrenal cortex and Hungarian pepper. The 
formula of ascorbic acid is CgHgOc. It has the structure: 



HO — C H 

I 

CH,OH 

The molecule has a lactone ring. Ascorbic acid has been synthesised 
by many methods. Commercially it is made by condensing L- 
8orboso(\vhichis prepared from rf-glucose) with acetone andsulphmic 
acid to give diacetone sorbose. 
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CH,OH 

c=o 

I 

HO C H 

I 

H C — OH 

I 

HO — C H 

I 

CH.OH 


C H.OH 



I I CH3 

CHj-O 


L-sorbose. 


Diacolono— b->orbose. 


COOH 



CII — O 

2_3 . 4-0 — Diacotonc^ L-Ascorbic Acid. 

2-keto-L-gulonic Acid. 


Diacctone-sorbose is oxidised to an acid. This is converted to 
ascorbic acid by treatment with gaseous Iiydroehlorie acid. 

Ascorbic acid is essential for the prevention of scurvy. 

628 Vitamin D. — The D vitamins are a grouj) of compounds 
wliieh’ possess antiraeliitic properties. The vitamins (tliere are five 
of them) are essential for tlio absorption of calcium and phosphorus 
from the intestine. Vitamin D occurs naturally in lish liver oils. 
These vitamins are produced by irradiating various sterols of the 
general formula (I) with ultraviolet light. The ring H of these sterols 
contains a conjugated double bonfl system. Ihe ultraviolet light 
causes the fission of a bond in ring B. with the resultant formatioit of 
a methylene group. The D vitamins have the general formula (II). 
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R 


R 




For example ergosterol (III) when irradiated with ultraviolet 
light gives a number of derivatives. Only one of these possesses 
ajitiracliitic activity. Tliis derivative, vitamin Dj, is called calciferol 

CH3 CH3 CH3 


CH-CH=CH-'CH-CH 



CH3 


CH3 CH., 

I I ■ 

CH— CH=CH— CH— CH 



CH, 


IV 



VTTAlMriSr D3 
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The substance which resembles most closely the naturally occuring 
vitamin D is vitamin D 3 produced by the irradiation of 7- : dehydro- 
cholesterol, the formula of wliich is I with R = CHlCHa) • (CHgla 
CHiCHglo. Vitamin D 3 has the formula (V). 
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PROOF THAT THE FOUR HYDROGEN ATOMS IN METHANE 

ARE EQUIVALENT 


That the same compound is formed when each of the hydrogen atoms in 
methane is replaced by a substituent is not self-evident. The fact that only one 
methyl iodide exi.sts is evidence in favour of this, but not complete proof, for, 
if one particular hydrogen atom were more reactive than the others, it might 
veil be that nil specimens of methyl iodide were produced as a result of that 
particular hydrogen being attacked. Henrj*, in the latter part of last century, 
proved the equivalence of the four hydrogen atoms b3' making nitromethane.i 
CTlj'NOj, in such a way that a different h^'drogen atom was replaced in each of 
four specimens which he prepared. These four specimens were found to bo 
identical in all respects. 

Tho o.vplanation of his method is made clearer by labelling the four hydrogen 
atoms in methano and calling it CH“U^n’'H^. 

(1) Monry started with methj'l iodido I which he regarded as 

1 his ho converted into nitromothane bj’ treatment with silver nitrite. He thus 
obtained CH^XOs**. 

(2) Another apccinjcn of the same methjd iodido ho converted into methyl 
ej anide 11 (see diagram) bj' treatment with potassium r\’nnido. The methj l 
cyani<lo wa.s hydrolysed {§ 144) giving acetic acid III. tho — CO-OH group 

replaces tlic original —I, and the acid III must bo CrTgCCO-OH)'*. This is 

chlorinated {§ 220) anti the chlorine atom which enters the molecule must 
replace some other h^-drogen atom than the one already replaced. Calling this 

11^, tho chloroacotic acid IV must be CH2Cl^(CO-OH)**. Now by heating this 

with pota.ssium nitrite, nitroacctic acid is obtained, which can bo hydrol3’8od, 
giving nitromothane. 


CUaClVoOH)” + ICXOa = CH2-(N02)'*(C00H)‘’ + KCl 

CHa(XO)2'^(CO-OH)“ + HoO = CHa-NOs^ + HgO -f COg. 

This nitromothane must hove tho NO2 group replacing a different h3-drogen 
atom from that roplaoc<i in ( 1 ) above. 

(U) A portion of the above CH2Cl^(CO-OH)“ wa.s converted into c3'anoacetic 
aeid \’, which wjls hydrolysed (§§ 211, 225) to mnlonic acid VI, which must be 


cooh“ 

j ^ • By chlorinating this a compound is obtained, iu which a third 

MXlOir 


liydrogon atom, which wo term H^, is replaced. This chloromalouic i^cicl VH, 


^ ^ co oa'* 
cna\ 

^COOH'* 


, 3 Is illed gives chloroacetic acid XI (c/. § 211) 


‘ AL«r> methyl c3-naide; details ore not given here. 
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which must be CHoCl^CCO-OH). This, when treated with potassium nitrite 

and hydrolysed, as in (2) above, gives a third nitroroethane, CHg-NOo^. 

(4) The same process as is set out in (3) above is repeated with the chloro- 
malonic acid. This Ls converted into cyanomalomc ac^d \ 111, which on 
hydrolysis gives methanetricarboxylic acid IX. T|iis is chlorinated to mono- 
cWoromethinetricarboxylic acid X. which when dry -distilled gives a chloro- 

ocetic acid XII, CH 2 Cl‘*(CO-OH). which when treated with potassium nitrite 

and hydrolysed gives CHa-NOa'*, the fourth nitromethane. 

In this way four nitromethanos are obtained, the — NOg being nttaohed 

to a different valency bond of the carbon atom in the original methy iodide^ 
All four nitrometlianes are identical, and the four valency bonds are therefore 
equal in strength and, presumably eyinmetncully distribute<l. 


I. 

II. 

III. 

IV. 
V. 


VI. 


VII. 

VIII. 

IX. 



CH^r AgNOo CHa NOa** 
CHa-CN" 

CHaCCOOH)’ 

4- ^ IvN(>2 

CHaCl'^(COOIl)" — 

1 

CHa(CN)'*(CO OH)’ 


aix] 


CII 3 NO 2 


I 


CH 




(COOH) 




i 


*\(COOH)^ 
^(COOH) 


o 


CHCrC ■ Cl (CO OH) 

\(COOH)' XI. 


i 


CH(CN) 


^^(COOH)“ 

\(COOH)'’ 


/(CO-OH)" 
SH’’^ (CO OH) ’ 
\(COOH)’' 

r ACOOlir 

Xl'C (CO OH)" 
\(COOH)’' 


CHa-NOa^* 


CHaCl^CO OH) CHa-NOa^ 

XII. 
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ENZYTWES 

CTiaracteristics ol Enzymes.— Most of the chemical reactions 
which occur in the animal or plant are brought about by the 

catalytic action of minute quantities of substances known as 
enzjTnes. 

The chief facts generally accepted about these enzymes are the 
following: — 

(1) They are colloidal in character and are either proteins or 
combinations of proteins with an active group. The reagents which 
precipitate proteins do the same to enzymes, which, like proteins, 
are destroyed or altered by heating to 60—80® C. 

(2) I hey are true catalysts and cause the transformation of many 
thousand times their weight of material. Like inorganic catalysts, 
they catalyse a reversible reaction in both directions. Thus a lipase, 
which causes fats to be split into fatty acids and glycerol, will also 
cause the recombination of glycerol and fatty acids. 

(3) They are remarkably specific in their action. A particular 
enzjTiie ^vill as a rule bring about the hydrolysis or oxidation of 
only one substance or a small group of closely related substances. 
Herein lies the chief difference of their mode of action from that of 
inorganic catalysts which are not usually so specific in their action. 

(4) Owing to their colloidal character, it is very doubtful if any 
enzyme has been obtained in a pure state. 

Classification of Enzymes. — Enzymes are classified according to 
the type of reaction they catalyse, and the table on page 570 
indicates the chief classes of enzjTne. 

Methods of Purifying Enzymes. — The plant or animal material is 
totally disintegrated — mere breaking of the cell- wall is not enough — 
by gnnding it with kieselgulir or by other similar means. The mass 
is then filtered through unglazed porcelain (by the aid of pressure) 
and a liquid containing no solid particles results. This contains 
the enzyme and all the soluble constituents of the cell-juice. The 
usual procedure for purification is to absorb the enzyme by shaking 
with a solid colloid such as gelatinous alumina or kaolin. The enzyme 
is taken up by this and may be removed from it by treatment with 
dilute acids and alkalis. The progress of the purification can only be 
judged by testing the catalytic activity of samples of the purified 
material. After several adsorptions a product of an activity three 
hundred to as much as three thousand times that of the original 
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Class. 


Esterases 


Reactions 

catalysed. 


Sub- 

division. 


Hydrolysis Esterases 
of esters. 

Lipases 


Reactions 

catalysed. 


Hyiirolysis 
of lower 
esters. 

Hydrolysis 
of fats. 


PrntpRiSRS Hydrolysis True Pro- Hydrolysis ^ 

rroteases teases of pro- 

toins. 


I 

Peptidases Hydrolysis 

of pep- 


tides. 


Aminoa- 

cylases 

Carbo- 

hydrases 


Hydrolysis — 

of amino- 
acids and 
amides. 

Hydrolynis Hexosi- 
of carbo- uases 
hydrates 


TjT)ical examples and 
function in organism. 


Liver Esterase. 


l^ANCREAS Lip-vse: diges- 
tion of fats by aniinoU. 

Ricixvs Lipase: Breaks 
up the oil in the castor- 
oil bean on germination. 

Pepsin: Converts proteins 
into peptones in sto- 
mach. 

Trypsin: Converts pro- 
teins to amino-acids in 
intestine. 

Ekepsin: Converts pep- 
tides fonued in stomach 
into amino-acids. 

Uuease: Converts urea 
into ammonium car- 
bonate. 


Conversion! 
of gluco* 
sides and 
dMucc ha- 
rides into 
inonosuc* 
charides 


Sacchaiiase: Inverts 

cane-sugar; found in 
yt»ast and many plants. 


Polyases 


lly<\ro\y»it- 
of poly- 
Biicchar- 


Catbo* split off 
Vlases 

Oxydases Causing 

oxida- 

tion. 

PerOXidASeS Oxidation 

by HjOjj. 



Mai.tase: Converta inal- 
toso into d-glucoae; 
foniid in yi*a»t. 

lOMi'Lais: SpliUa up ainyg- 
<iuiin (§ 273). 

Amvij^^se (Diastase) : 

starch into inul- 
Uise. C<>ntaino<l in pan* 
creulic ferments, seods, 
utc. 

CAHli»>XYX*ASB: Doconi* 

po.ses pyruvates to 
ncetuldohydo anti car- 
bon dioxide (§ 30lb). 

Tyhosinasb: Forms 

bhii'k pigments by oxi- 
dising tyrosine (§ 009). 

Bl-OOl) CATAI.ASE: Uso 

doubtful, see § 475. 
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material may be reached. No true criterion of purity for enzymes 
exists. 

Precipitation methods have also been used. Thus the addition of 
acetone to the ceil-juice of yeast precipitates ‘zymase,* a mixture 
of several enzymes with alien protein material. The adsorption 
method is more adaptable and efficient. 

Chemical Composition of the Enzymes.— As yet no enzyme has 
been identified as a chemical individual. They seem to show a 
distinct resemblance to the proteins and as ordinarily obtained are 
certainly colloid. A school of thought exists which considers that 
enzymes are not actual chemical individuals, but are merely proto- 
plasm in a particular state of colloidal dispersion. These views are 
now not widely supported. 

If an advance in chemical technique ever allows of the purification 
and ajmthesis of enzymes, an entirely new field will be opened to the 
activity of the organic chemist, for their specific action, taking place 
at low temperatures, would render them particularly valuable for 
the study of such complex and unstable compounds as the proteins. 



APPENDIX III 


Benzene 

Phenol 

Cresols 

Toluene 

Xylene 

Naphthalene 

Anthracene 

Natural gas 


CHIEF COAL-TAR PRODUCTS 


Hcxaliydrobenzene 

Chlorobenz3ne 

N itro benzene 


Aniline 


Benzidin* 


Acetanilide 
Phenylbydrazine 
Azo-ciyod 

Triphenylmothane 
I Indigo 

A \ _ 


dyes 


Benzeno-sulplinnic acids 
Maleic anhydride 


Phenols 
Succinic acid 


Salicylic acid 
Phonetole & Anisole 
Picric acid 

Azo-dyes 

Aspirin .... ^ j 

Pheneti'line <k Amsidine — Azo-dyos 

Explosives 

Di-sinfoctants 

Nitrotoluenea 

Benzyl cldoride 
Bunzal chloride 

Benzotrichlorido 

pAzo-dyes 

•Toluulincs Triphonylmcthano dyoa 
LCrodoU 

Trinitrotohione 
’Benzyl compounds 

Ben/'nltlohydc 

Benzoic acid —Benzoyl compounds 

Xylidines 

Azo-dyes 

r acid 

Phthalic anhydride 

Naphihols T 

NttphthylamincsJ 

phthaloin dyoa 

Azo-dyoa 

Anthraquiiione 

Alizarin and related dyes 


PETROLEUM PROUUC''rS 
Mothano 

Pa.rt»nin hyclro« ivrbona 


pMothyl compounds 
I FonmuKlchydw 
LMcthylttiulino** 


P<>lyir)Otliylcno 


li vdnj^'ttrhoiis 

605 


Petroleum 
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PRODUCTS OF SYNTHESES FROM INORGANIC MATTER 


Carbon 


Calcium carbide— Acetylene— Acetaldehyde — Acetic acid 

nUretbanes 

Carbonyl chloride I Urea 

LCertain ketones 
Urea Ureides 

[ Thiocyanates 
Cyanates 
Nitriles Acids 

[ Carbon tetrachloride 
Mustard oils 

Xanthates Viscose rayon 


Carbon monoxide 
Carbon dioxide 
Cyanide 


Sugars 


PLANT PRODUCTS 
Amyl alcohol 


Ethyl alcohol 


Lactic acid 
Citric acid 
ButjTic acid 


[ Amyl nitrite 
Amyl acetate 

[ Ethylene— Glycols 
Ether 

Ethyl compounds in general 
Acetic acid 


Starch 

Starch orttors 
Doxtruis 

Adhesives 


Maize 

Furfural and glycols Chlorinated others, etc* (non^infiam* 

mable solvents) 

Wood 

Oxalic acid 

Acetic acid 

Methyl olcohol 

Cellulose j 

Formic acid 
pAcetic anhydride 

1 pounds 

LAcotone 

pMvthyl compounds 
I Formaldehyde 
LMethylanilines 
Nitrocellulose 
^Celluloso ocotatea 

and acetyl com* 

Chloroform 

Artificial resins 
Dyes 

Explosives 
Artificial silk 

Fruits 

Tartaric acid 

Citric acid 



OUs and Fats 

Essential Oils 

Soaps 

Glycerol j 

Esters 

Terpencs (Camplior, 

^Allyl compounds 

Propyl compounds 
^Nitroglycorol 

Acids 

turpentine, etc.) 
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T ^jrina Soaps 

Terpenes 


Miscellaneous 


Alkaloids 

Anthocyanins 

Tannins 


Gallic acid 


Pyrogallol 


ANIMAL PRODUCTS 


Connective 

tissue — Gelatin 


Other proteins 

Amino-acids 


Fat 

Soaps 

Glycorol 

pAllyl compounrls 

1 Propyl compounds 

LNitroglycerol — Explosives 

MilTt 

Casoin 

Lactose 

(DisiU'inpere. artificial leother an«l 
ivory) 

Galactose 

Bones 

Gelatin 

Bono oil 

r Pyrrole 

Lpyridino, etc. 


Miscellaneous 


Uric acid and the Purines 
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PENICILLIN 

Moulds and bacteria may produce antibacterial substances called anti* 
biotics. It was found that the mould Penicillium nolatum produced a sub- 
stance called penicillin. This is acidic and stable in slightly acid solutions. It is 
unstable to heat and is oxidised by many chemical reagents and enzymes. It 
is a very good therapeutic agent, being effective against many bacteria 
including some which are not affected by the sulphonaxnido drugs. The formula 
of penicillin has been shoum to be: 

S 

IV-CO— NH— CH— CH'^ (CH3)3 

O = C— N* CH— COONa. 

There are several penicillins wliich differ in the nature of the group R, which 
may bo for oxiunplo CHj— CHs^CH— CHg— CH3 or 

The instability of penicillin is due to the four-membered ring which is 
readily opened. 

Otlior antibiotics derived from moulds or bacteria are being used as chemo- 
therapeutic agents; for example streptomycin and aureomycin, which have 
some effect upon tlio bacillus of tuberculosis, which is not affected by penicillin 
or the sulphonamidcs* 



ANSWERS TO NUMERICAL AND SOME OTHER 

PROBLEMS 


Cli. I. (2) CjoHg. 

{3) CH^NgO. 

(4) 

(5) V.D. 77-6: M.W. 155. 

( 0 ) CioHeCla- 

Ch. II. (1) (a) No. (b) No, (c) Yes, (d) No. 

(f ) Cll^CH. CH^ CH. CH. ; C(CH.U ^ CH.-CfKCH.j, : n-butano : ,>o 

' peAtano or cthyldimethylmeUiane : ethyltrimetbylmetlmno. 

Ch III t9) CHi-CH(OII) Cfl .2 Cll 3 : C2Tl5-C(OH)(CH3)2 : CIla CHtOHj CHa : 

butyl alculiol (ur triinethylcurbinol) : normal propyl alcohol. 

Ch. IV. (3) CaH^BrjYes. (CiljlaCHBr oiid CHj CHa ClIaBr. 

!a! ch"!* ^°CH^CCL-CH 3 : CH..CI CH 2 CI : CH^ CIICU : CIIBr 3 : iso- 
pJopVl chlori.le" : ethyl bro.nido : aa-dibro.nopropaao : .odo- 

form ; hexachlorcthanv. 

Ch. VII. CaHft O CO H ; CII 3 O CO CJI 3 : : C^Hn O NO. 

CH(CH3)2. 

(0) (a) 818g. (b) 9-OOg. 

Cb. X. (10) CHs-CO NHs. 

Ch. XIII. (3) CH 3 CH 2 CH :Ci! CMa : ,3 VVl“ rVci n” •' C H ^ {CHal^CH CH: 

CHalCH^aC : CH CH 3 ; CH 3 Cil .2 <-(CH la • CH.^ 

( 8 ) Two. 

Cl». XV. (0) Succinic acid. 

Ch.XVI. (0) NHaCCHals-COOH. 

Ch. XX. (7) 2 01 per cent. urco. 

( 8 ) 1125 per cent. urea. 

Ch. XXIX. (3) One. 
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Figures in italics indicate the chief reference where two or more are given. 

Prefixes usuaDy printed in italics (o-, m-, p-, iso-, sec., tert-) and Greek letters 
are neglected in indexing. Thus “isoPhthalic acid” follows “Phthaleins” in 
the index. 


Abibtic acid, 490 
Acetal, 99 
Acetaldehyde, 93 
Acetamide, 115, 139 
Acetanilide, 302 
Acetate silk, 296 
Acetates, 110 
Acetic acid. 105 
anhydride, 114 
Acetoacetic acid, 258 
Acetoacetic ester, 259 ff. 
Acetone. 73, 131 ff. 

Acetonitrile, 159 
Acetophenone, 444 
Acetyl, 112 
chioride, 112 
compounds, 112 
cyanide, 1 12 
o.xide, 114 
Acetylene. 95, 192 
series, 191 
Acetylides, 194 
Acetylsalieylic acid, 452 
Aconitine, 559 
Acridine, 543 
Acriflavine, 543 
Acrolein, 188 
••Verose, 270, 303 
-\crylic acid, ISO, 245 
.\cyl derivative.^, 112 
linlidcs, 112 
.•Vcylureas, 318 

Ailrcnnl cortex, humioncs of, 522 
•Adrenalin. 440 
-I'itioporphyrin, 564 
.Alanine, 229, 509 
Albumin, 575 
.Albumins, 575 
-Alcohol, 55 
amyl, 76 
t'.sonniyl, 75 
butvl, 73, 74 
ethyl. 58-71 
methyl. 72 
wopropyl, 74 

•Alcohols, primarj', 66, 58, 72 
secondary, 66, 74 
tertiary, 5(5, 75 



Aldehyde-ammonia, 94, 99 
Aldehyde-resin, 96 
Aldehydes, 91 
Aldehyclic acids, 257 
Aldol, 96 
Aldoxime, 99 
Alicyclic compounds, 332 
Aliphatic compounds, 331 
Alizarin. 513 
blue, 515 
green. 475 
orange, 616 
yeUow, 461 
Alkaloids, 545 ff. 
extraction. 546 
tests for, 653 
Alkyl compotuids, 45 
cyanides, 159 
t'socyanides, 169 
halides, 79 
sulphates, 121 
thiocyanates, 163 
tsothiocyonates, 163 
Alkylammonium compounds, 142 
Alkylarsines, 170 
Alkylbonzcnes, 423 ff. 

Alky Imagnesium halides, 172 
Alkylpho.'iphincs, 170 
Alloxan, 319 
Alloxantin. 321 
•Ailyl alcohol, 186 
aldehyde, 188 
compounds, 186 ff. 
halides, 188 
sulphide, 1 88 
isotluoeyanote, 188 
thiourea, 324 
Allylcne, 195 
Amatol, 433 
Amide.s, 139 
Amidol, 366 
-Amines, aliphatic, 142 
aromatic, 385 ff. 
primary, 142, 143, 149. 355, 385 
secondarj', 142, 147, 149, 355, 386 
397 

tertiary, 142, 147, 149.386 
.fAminoacotic acid, 229, 230 
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Ammoacidfi, 228 

cind proteixxs^ 228, 569 
Amino azo benzene, 415 
Aminobenzene, 386 
Aminobenzenesul phonic acid, 395 
Aminobenzoic acids, 450 
Aminotao butyl acetic acid, 229 
Aminoglutaric acid, 229 
Aminophenols, 395 
Aminopropionic acid , 229 
Aminosuccinio acid, 220 
Aminovaleric acid, 229 
Ammonium acetate, 110, 139 
carbamate, 311 
cyanate, 161 
oxalate, 217 
thiocyanate, 103 
Amygdalin, 15G 
woAmyl acetate, 123 
alcohol, 74 
^ert^Amyl alcohol, 76 
Amyl benzoate, 118 
methyl ether, 23 
nitrite, 122 
Amylase, 305 
Amyleno, 75, 185 
Amylopectin, 290 
Amy lose, 290 
Anaphylactic shock, 574 
Anovrin, 083 

o-Anliydrosulphaminoberizoic acul 

419 

Aniline, 380-391 
black, 391 
salts of, 30 1 
Aniseed, 303 
Aniaidino, 363 
Anisole, 363 
AnthooyaiiidinB, 501 ff. 
Anthocyanins, 561 
Anthoxanthins, 501 
Anthracene, 608 

compounds, 512 fT. 
oil, 333, 608 ^ 

An throconcsul phonic acids, 511, ol.> 
Antliranilic acid, 450, 451 
Anthranol, 511 
Anthraquinono, 511 
Anthrol, 511 
Antifebrin, 302 
Apomorphine, 559 
Arabinoso, 274 
Arabitol, 210 
Arginine, 570 
Argol, 249 

Aromatic compounds, 332 
Arbcnobcnzone, 421 
Arsines, 170 
Arephonaininc, 422 
Artificial sUk, 205 
Ascorbic acid, 586 


Aspartic acid, 229, 570 
Aspirin, 452 
Asymmetry, 241 
Atoxyl. 4 22 
Atropine, 555 
Auruiitia, 399 
Auxochroinos, 409 
A vert in, 70 
Azunidohenzeno, 397 
Aziiies, 544 
Azobenzone, 410^ 
Azocompounds, 413, 416 
Azo-dyes, 407, 4 10^ 
Azoxy benzene, 415 
Azubnic acid, 155 


RAK\Ti^n*s strain theory, %129 
liuUoHte, 102, 362 
Burbitone, 319 
Barbituric acid, 319 
Btisic acetates, 1 1^^ 


B<'cr, 64 

Beet, su< ro:>e from, 2H7 

Benedict's solution. 2Sl 
Brnzal chloridt . 43S 

Ih.nzaldchydo, MO 

Bi*n/aiuid**, 44S 
Bcn/.ene, 332 

hcxachloride, 3*lu 
luunufacture, 333 
ri*a<*tion-'^« 312-310 
etruitur.». n. 

substimtiuii pro.Iuct.s, JJl>. ' 

triozoiiido, 337 

107 

hvtlixixid*', *102 


I A 


a /\ I iV 


eiUlj'bato. 

Jk-ii/.fiu-.licuil.oxylic -»_o» 

lion*/*‘rK'.^uIphuijic ncnl, 3.>3 
Bcii/hydrol, 461 
Bcii/.idi*'^» 4. >9 

truii^furinution, I 

liirizil. 41*2 
Bi'iizocaifu*. 4.>0 
Iicii/^)ic a<*id, 4 JO 
ii.nhydri<l«s 449 
Ben/.oin, 102 
J5cn/.onitril€% 4 1 B 
!3eriz<if)hcn<ine, 401 
o-Beii/.ociuinone, 309 
;>.Benz4><iuiiionis 370 
Bi-nztitrichloridi', 43H 
Ben/oyl chlori<h'. 44K 
coinpeuiulH, 4 48 
Benzov 1«1 yc<ico 1I. 449 
Benzthi<il>hcn, 53 1 
licii/.yl ac<*tat»s 439 
ulcuhol. 4 38 


402 
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Benzyl chloride, 436 
compounds, 435 ST. 

Bonzylamlne, 439 
Bile acids, 518 
Biquartz polarimcter, 240 
Bisdiazonium salts, 397 
Bisulphite compounds, 131, 135 
Biiu-et, 313, 666 
reaction, 312 
Blasting gelatin, 210 
Bone oil, 630 
Borneo], 493 
Bornyl chloride, 491 
Brandy, 62 
British gum, 301 
Bromoacetic acid, 227 
Bromoanilines, 393 
Bromobonzene, 361 
Bromoform, 89 
Bromonaphthalcnes, 603 
Bromosuccinic acid, 240 
Bromotolucnes, 420 
Brucino, 559, 660 
Butadiene, 185, 190 
Butane, 45, 60 
Butter, 203 

n-Butyl alcoliol, 72, 74 
tert-Butyl alcohol, 174 
Butylchloral hydrate, 103 
n-Butyric acid, 110 
i/-Butyrolnctono, 245 

CACor)\'i,. 170 
oxide, 170 
Cacodylic acid, 171 
Caflbine. 322 
Colciforol, 588 
Calciiun acetate. 111, 131 
oxalate, 210 

Calculation of formula?, 12, 25 
Coniphcne, 492 
Camphor, 492 
artificial, 491 
Borneo, 492 
Jopan, 492 
synthetic, 492 
Camphoric acid, 493 
Cancer-producing hydrocarbons, 517 
Cano sugar, 287 ff. 

Cannizzaro reaction, 438 
Caproic acid. 110 
Caramel, 291 
Corbamates. 311 
Carbiunido, 311 
Carboinine.',, 159 
Corbozolo, 544 
Corbinol, 57 

Carbocyclic compounds, 327, 332 
Carbohydrates, 268 
and animals, 301 
and plants, 302 


Carbolic acid, 356 
oil, 333 

Carbon, detection, 2 
estimation, 5 
hexachloride, 90 
suboxide, 220 
tetrachloride, 90 
valency of, 32 

Carbonic acid, derivatives, 308 £f. 
ortAoCarbonic acid, derivates of, 308 
324 

Carbonyl chloride, 309, 310 
Carboxyl, 104 
Carbylamine test, 89, 150 
Carbylamines, 159 
Carius* method, 10 
Carriers, 348 
Casein, 576 
Cellobiose, 294 
Celluloid, 298 
Cellulose, 292 
acetates, 296 
esters, 204 
nitrates, 296-297 
Char, 289 
Chloral, 69. 102 
hydrate, 102 
“Chloranune,” 430 
Chloronil, 371 
Chloretono, 76 
Chloroacetic acid, 225 
Chloroanilines, 393 
Clilorobenzcnes, 348 ff. 
Chlorocarbonates, 309 
Chloroform, 86 
Chloroformatea, 226, 309 
Chloronaphtholenes, 503 
Chloroparalilns, 98 
Chlorophyll, 663 
Chlorotoluenes, 428-429 
Cliolcsterol. 618 
Choline, 149 
Cluromane, 540 
Chromophores, 408 
Cliromoprotoins, 578 
Chrj'sorobin, 515 
Cluy'sophonic acid, 616 
Cinchonidino, 556 
Cinchonine, 558 
Cineole, 485 
Cinnomaldehyde, 453 
Cinnamic acid, 453 
Cis-trons isomerism, 223 
Citral. 487 
Citric acid, 263 
Citroncllol, 487 
Claisen condensation, 269 
Cluponodonic acid, 202 
Cool tar, 332 
Cocaine, 653, 556 
Codeine, 251 
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Coffey stUl, 62^63 
Collagen^ 577 
Collidine, 532 
CoUodion, 297 
Colour and structure, 408 
Combustion analysis, 5, 7 
Condensed nuclei, 49G 
Coniine, 646, 554 
Coordinate linkage, 31 
Copper glycocoll, 230, 231 
Cordite, 298 
Cortisone, 522 
Coumarin, 454 
Coumarono, 534 
Covalent linkages, 30 
Cracking of oils, 52, 53 
Cream of tartar, 251 
Creatine, 325 
Creatinine, 325 
Creosote oils, 333 
m-Cresol, 430 ff. 
o-Cresol, 430 ff. 
p-Cresol, 430 ff. 

Cuprammonium silk, 305 
Cuprous €U50tylide, 194 
Cyanic acid, IGl 
Cyanides, 157, 160 
taoCyanidos, 159, lUO 
Cyanidin, 502 
C^anin, 502 
Cyajiine dyes, 542 
Cyanoacctic acid, 228 
C^anobonzono, 418 
Cyanogen, 154 
Cyanohydrins, 99 
Cyanuric acid, 161 
Cyclic compounds, 331 
C^TOone, 424, 428 
Cyatcino, 229 
Cystine. 670 

D.D.T., 102 
Docalin, 502 
Delphinidin, 663 

DevoloporH, photogrupliic, 366, 396 
Doxtrina, 301 
Dextrose, 275 
Doxtrotartaric acid, 249 
Diabetes, 304 
Diaminos, 199 
Diaininobenzonoa, 300 
7 >p'«Diaminodinhonyl, 459 
Diaminophonols, 390 
Dianthracone, 510 
Diastase, 300, 305 
Diazoacotic ester, 232 
Diazoominobenzono, 414 
Diazo'compounds, 401 
Diazomethane, 150 
Diazonium salts, 401 ff. 

Diazotatoa, 412 



f^oDiazotates, 413 
Diazotisation, 401 
Dibasic acids, 2 1 2 
unsaturated, 221 
Dibenzantliracene, 517 
Dibonzyl, 461 
Dichloronceeic acid, 227 
/>-Dichlorobenzeno, 353 
Dichloro<liethyl sulplude, 109 
Diethyl ether, 127 
Difluorodichloroinctliano, 01 
Digitoxigoiiin, 521 
Dihydrio alcohols, 196 
piienols, 363 
Dihy<lroben'/ene, 344 

Dihydroxyanthniquinone, 513 

I>ihy<lroxy benzenes, 363 
Dil/vilroxybenzoic acid. 452 
l)i hydroxy succinic acid, 227 
Diliytlrox'y tartaric n< i<l, 253 
Diinethylainine. 147 
DifnethVlaniliiie. 399 
DiinothVlgly<»ciino, 199 
Dirncthyl-^-pyrono. 529 
Dirnetliyl sulpluito, 121 

I)i;i«riiia]ihthalenoantliraceno, 

Dinitrobt^n zones, 376 
I)iriitro<TcsoL<, 431 
Diriitrophcriols, 380 
Dinitrotoluonos, 433 
I>ipcnt4‘uc, 480 
l)il)hc'iiic acid, 516 
Diphc'iiyl, 459 
snlphi<le. 4 1 9 
Dil>hen\ luinims 398 
Diphciiylchloroui'sinc, 421 
Diphonvlcthunc, MU 

.v.Diplicnylothyli ne, 461 
s.Diphonylgly<*<d, 4n2 
Diphonyhncthanr, 4t>l 
I)ipri>parg>l, 105, 334 
Direct hUio, 460 
<lvcing, 411 

Disacchari<lcs, 268, L80 
Distillation in stcafu, 38 ^ 
fractional, t»l, 63 
Double )inUag<'’<* 177 

Dumas, molecular weights, 17 

nitrogen clctcnninatioii, 7 
Durcric, 4 23 
Dyo •bases, 464, 4 67 

of rnulm bito green, 46 1 
Dyeing. 411 IT. 

<lir€?ct, 411 


ingrain, 412 
mordant, 4 1 1 
Dyes, 40K 

azo, 407, 410, 412 
triphcnylmcthan<*, 461 ii 
vat, 4 I 2 
Dynamite, 209 


516 
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EcOONtKB, 650 
Electrolytic reduction, 234 
Emetine, 558 
Empirical formula, 12 
Emulsin, 156, 282 
Enantiomorphism, 241 
Enolic forms, 260 
Enzymes, 304 
Eosin, 474 
Ephedrine, 440 
Ergot, 440 
Erythritol, 210 
Esterification, 66-67 
Esters, 117 ff. 
inorganic, 120 
organic, 122 
Etimnal, 03 
Ethane, 40 
Kthancdiol, 106 
Ethanosulphonir acid, 168 
Etherification, 126 
Ethers, 125 
Kthinc, 190 

Ethyl acetate, 120, 122 
acot<3ac€'tato, 258 
alcohol, 68-71 
aininobenzonto, 450 
aniinoi arhunntc, 31 1 
bromide, 70, 81, 82 
carbonate, 308 
or//iocarbonat<s 324 
cIiloroacM'tate, 226 
chlo reformate, 309 
diazoaretuto, 232 
other, 127 
iodoacetato, 227 
inalonato, 219. 2(15 
mercaptan, l(i7 
nitrate, 121 
nitrite, 121 
oxalacctat<\ 267 
oxalate. 21S 
oxide, 127 
sulphide, 16S 
sulphono, ItU) 
tartrates, 251 
thiocyanate, 163 
K^othiiicyanato, 1*>3 
Etbylnmine, 140 
Kthylanilino, 398 
ICthvlbenzene, 424. 428 
Ethylene. 180. 181 
oliloride, 85, 86 
clilorohydrin, 198 
compounds, 85 
diamine, 190 
dibronude, 184 
glycol, 196 
lactic acid, 230, 215 
oxide, 198 


Ethylmagneaium bromide, 273 
Ethylsulphuric acid, 121 
Eucalyptus, 485 
Eugenol, 432 
i^oEugcnol, 432 
Exhaustive meth 3 dation, 548 

Fats, 200 ff. 

Fatty acids, 104 ff,, 108 
syntheses of, 264-266 
Fehling’s solution, 281 
Fermentation, 58, SOS 
alcoholic, 58, 306 
lactic, 237, 305 
Fisher-Tropsch process, 63 
Fittig’s reaction, 459 
Fixed oils, 200 
Flavone, 560 
Flower pigments, 561 
Fluorescein, 474 
Fluorobenzeno, 406 
Fluorocarbons, 90 
Formaldehyde, 100^ 303 
Formalin, 101 
Formamide, 114 
Formates, 111 
Formic acid, 108 
Formula, determination, 2 ff. 
empirical, 12 
general, 42 
stnictural, 37 
Formyl, 116 

Friedel -Crafts reaction, 344, 425, 444 
Fructosazono, 285 
rf- Fructose, 271-272, 2S4 
sj'nthcsis, 275 
Fuchsine, 469 

group of dyes, 466 
Fulminates, *162 
Fuiuaric acid, 221 
Furan, 625 

Furanose structure, 290 
Furfural, 526 
Furfurnldohydo, 526 

(/•Gai^ctose, 283 
Galloin, 475 
Gallic arid, 452 
^ Gnmmexane, 344 

Gnttcrmann reaction, 429 
Gelatin, 231, 577 
Goruniol, 487 
Gliadin, 576 
Globin, 579 
Globulins, 576 
d-Glucoso, 275 fT. 

detection and estimation, 2S1 
manufacture. 276 
properties, 278 
structure, 269, 270 
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d*Glucose» synthesis, 274, 275 
Glucosamine, 577 
Glucosides, 282 
Glue. 677 

Glutamic acid. 229. 570 
Glutelin. 576 
Gluten. 576 
Glycerides. 200 
Glycerol. 206 ff.. 306 
Glyceryl trinitrate. 209 
Glycine, 230. 569 
GlycoooU, 229. 230 
hydrocldoride. 232 
Glycogen. 302. 304 
Glycol. 196 

clilorohydrin, 198 
dinitrate. 199 
GlycoUic acid, 234 
aldehyde. 199 
anhydride. 236 
Glycoproteins, 577 
Glycylglycine, 572 
Glyoxal. 109 
Glyoxylic acid. 257, 507 
Goa powder. 515 
Grigriat'd reagents. 171 
Guaiacol, 364 
Guanloine. 324 
Gum benzoin. 446 
Guncotton. 297 

H^matin. 579 
Urcxnatoporpliy rin. 579 
Hccnnin. 679 
HsDinochromogen. 580 
Hrornoglol^in. 578 
Hficinopyrroles, 579 
Halogens, detection. 3 
ostlmution. 10 
Hodonal. 31 1 
Homimciliteno. 423 
Heroin, 559 

Hotorocyclic coinpoundH, 332. 324 fT. 
Hoxabromobenzcno, 353 
Hoxaclilorobonzerio. 353 
Hexahydrobonzeno. 33U 
Hexahydrotoluono, 427 
Hoxaliydroxybenzono, 308 
Hoxaline. 331, 36U 
Hoxamutliylbonzeno. 423, 4 28 
Hoxamethylene, 330 
totramino. 101 
ITexamino. 101 
cycZoHoxone. 330 
cyc/oU exanol, 331 
Hoxaphenylothaiio. 470 
HexoscB. 278 
HexylroBorcinol, 305 
Hippuric acid. 449 
HUtidino. 230, 571 
Hiatonos. 575 


Hofmanii’s reaction. 144 
test, 151 

Homologous series. 42. 45 
Hopkins and Cole's reagent, 257 
Hordenine, 440 
Hormones. 520 
Hydracrylic aci<i, 245 
Hydrazineai, 417 
H vdrazobenzene, 410 
H vdrobcnzaniido, 443 
Hydro benzenes. 344 
Hydrobenzoin. 462 
Hydrocarbon?^, arouiatic, 331 fT. 
parailln, 39 
unsaturated, 177 
Hydrocyanic acid. 155, 101 
Hydrogen detection, 2 
cstiiuution, 5 
Ilydrogcnation, 185 
H v<^lrolysis of esters, 119 
of proteins. 508 
of starch. 300 
H vclrociuinono, 305 
H vdroxyacotic acid. 234 
llydroxyanthrooenes, oil 
II ydroxyacids, ulipbatic. 233 
aromatic. 4 50 

o-Hydroxybenzuldehj <h‘. 444 
o*H ydroxybofizoie uciil. 4 50 
v-HydroxV butyric aci<h 245 

TlydroxyphcnyKtliyluininc, \10 

Hydroxypolymef h\ h im. 431 

1 i Vilroxyproliiie, 529. 571 

Hydroxy propionic aci<l:^. isui. 

*237 

a-Hytlroxypioi.ioni.' ncid. ^ 

/^.Hydroxypropionic iicKl, - / > 

Hyciroxypyridino, 532 
Hydroxy(|uinol. 307 
Hydroxysijcciiiic acid. 2 10 
H yosci no. 555 
Hyoscyniniiic. 555 
Hynnoiic. 444 


Imii>i:s, 214 
Indicar), 530 
Indigo. 535 
ily<-ing. 539 
Indigoid ilycstufTs. 539 
Inclolo. 534 
Indoxyl. 534 
Iialuline. 54 4 
Ingrain dyeing, 4 I 2 
Ink. 453 
Inositol, 33 1 
Insulin, 304 

Internal anhydrides, 213 
Inulin. 281, 302 
Inversion of sucrose, 
Invert sugar, 201 
Invertose, 304 
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lodoacetic acid, 227 
lodobonzene, 351, 406 
Iodoform, 89 

test for alcohol, 70 
lodole, 528 
lodosobenzene, 353 
lodotoluenes, 429 
lodoxybenzene, 353 
lonone, 488 
Iron oxalates, 217 
Isatin, 539 

iso: See under remainder oj u'ord. 
Isodureno, 423 
Isoelectric point, 565 
Isomerism, 125 
Isophthalic acid, 457 
Isoprone, 190 

Kerosene, 51 
Ketones, aliphatic, 131 
aromatic, 444, 461, 462 
resemblance to aldehydes, 132 
Kotonic acids, 257 ff. 

fonns, 259, 260 
KjeUlahl process, 8 
Kolbo’s reaction, 450 

Lac'tic acids, 236 IT. 
isomerism, 237 
fermentation, 237 
I.uctide, 244 
Lactoflavin, 584 
Lactones, 245 
Lactose. 292 

Lievotartaric acid, 2IS, 252 
La'vulic acid. 267 
L:vvnlose, 2S4 

LandsljcrKcr'.s method fordoti-nnininc 
M.W.. 20 
Lassaij^ie s test. 3 
Lead aeetati', 1 I I 
oxalate, 210 
phuster. 205 
soaps. 205 

sulphide reaction, 567 
tetraethyl, 175 
Lepidine, 543 
Lcucaniline, 467 
Leucine, 229. 5(59 
Leticoboso, 467 

of mnlociiite greem, 4()4 
of rosaniline. 407 
Leueylglycylglyrine, 573 
Liebermonn’s uitroso-reaction, 363 
Light oil. 333 
Liinoneno, 470 
Linaloeil, 488 
Lipase, 593 
Luminal, 319 
Luteolin, 560 


Lutidioe, 532 
Lysine, 570 
Lyxose, 273 

I^Llodeb, 513 
Magenta, 468 

Magnesium alkyl halides, 172 
l^Ialachite green, 466 
Maleic acid, 221 
anliydrido, 221 
Malic acid, 246 
Malonic acid, 219 
anhydride, 220 
ester, 219, 265 
Malonyl urea, 319 
' Malt, 62 
Maltose, 304 
Maltose, 292 
Mandelic acid, 453 
Mannitol, 210 
Mannose, 284 
Margarine, 203 
Mayer's reagent, 553 
Mcconic acid, 558 
Mellitcne, 423. 428 
Mellitic acid, 458 
anhydride, 458 
Menthol, 484 
Mepacrine, 557 
Mcrcaptans, 167 
Mercorisation, 294 
Mercury fulminate. 162 
Mcsitylene, 136, 428 
Mesotartaric acid, 248, 253 
Mcsoxolic acid, 267 
meta-. See under remainder of word. 
Motaformaldohyde, 101 
Metaldehyde, 96 
Metallic alkyls, 171 
Metals, detection, 4 
Metamerism, 125 
Metaprotoiiis. 571 
Metha‘moglobin, 580 
Methane, 46 
halides, 82 ff. 

hydrogen atoms, oquivnlcnco of. 3 
581 

Methanol, 72 
ilotliyl alcohol, 72 
cyanide, 159 
t5oc3'anide, 160 
hydrogen oxalate, 218 
hj'drogen sulphate, 1 2 1 
iodide, 81, 82 
oxalate. 218 
propj'l kotono, 263 
salicj’late, 451 
violet, 470 
Mcthj’lamino, 143 
hj-drocliloride, 146 
Methj-loniline, 39S 
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Methylated spirit, 62 
Mothylation, exhaustive, 5 48 
Methylbutadiene, 190 
Mo thylcUchlo Famine. 150 
Motliylene halides. 85 
Metliylhydrazine, 153 
^•Methylindol. 535 
Methylmagnesium halides, 172 
Methyl pyri dines. 532 
MethylquinoHnes. 542 
Methylzinc, 171 
Metol. 366, 396 
Milk, 203 

Millon's reaction, 566 
Molasses, 288 
Molecular weights, 13-25 
by density of gas. 14 
cryoscopic methods, 22-24 
Dumas* method, 17 
obuUioscopic method, 18—20 
Landsborger method, 20 
of acids and bases, 24 
of proteins, 567 
Victor Meyer’s method, 15 
Molisch reaction, 667 
Monostral blue, 470 
Monochloracotic acid, 225 
Monochlorobonzono, 349 
Monosaccharides, 268. 273 
Mordant dyeing, 411, 014 
Morphine, 548, 652 
Mucic acid, 253, 52G 
Murexido, 321 
Muscarine, 140 
Mustard gas, 109 
oil, 188 

Mutarotation, 278 
Myrosin, 283 
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Naputiiacene, 516 
Naphthalene, 454, 49G ff. 
dichloride, COO 
tetrachloride, 500 
a-Naplithalenesulphonic acid. 60 4 
^•Naphthaloiicsulphonic aci<l 
Naphthaquinono, 508 
Naphthazarin, 508 
Naphthionic acid, 507 
Naphthoic ocifl, 508 
a-Naphthol, 505 
^-Naphthol, COG 
Naphthyl othorw, 506 
a-Naphthylarnino, 507 
/^•Naphthylamino, 507 
Narcotiiio, 557 
Natural gas. 51 
Nembutal, 319 
Noopentone, 41 
Neosalvarson, 421 
Nerol, 488 
Nourmo, 149 


Nicholj^on blue. 471 
Xicol prism. 238 
Nicotine, 554 
Nicotinic acid, 532, 554 
Nigro.<incs, 544 
Nitration, 373 fT. 

of cellulose, 297 
Nitriles. 159, 160 
i>eNitrd.‘s, 159, 100 
Nitrites. 121, 150 
nj-Nitroaniline. 393-394 
e^Xitroaniline, 393 
/>*Njtroaniline. 393-394 
Nitrobenzene, 373 
Nitrocidlulose, 296 
Nitro-conij>ounds, 150 
Nit ro -group, 150 
Nitrogen detection. 3 

Miiidletoirs method, 29 
c.*<tintiition. 7 
Nitroglycerin, 2O0 
Nitrolie acid.s, 152 
Nitroinothano, 150, 500 
Nitronaphtliulenes, .>06 
Nitro-parutlin'^. 1 •>! ^ 
o-Nitrophenol, 377-3SO 
/)-Nitriipbetu>l, 377-380 
Nitro.-^oaminos, 119 

<i.Nitr<>M>-y8 naiibtbc)l, 506 

Nitrotoliicni’s. *132 
Novncaine, 

Nu<d<‘ic* acid, 576 ^ 

Nurb oproteiiis, 57t> 
Nvlon. 221, 330 

r»/rM)t''r.\TK J HKNi:. 33 S 
Oil, aruM'iil, 3l>3 

anthiaei'iio, 333, 508 
l>itt«*r alni'Uid, -4 40 
<*arbo!ie, 333 
ciiri)m*lla. 487 
clu\'cs. 432 
creO'^ote, 333 
crude, .>1,52 

<*ucul>’ [>t us, 4H.> 

gas, 52 
light, 333 
lubrieat ing. 52 
iiiiistiiKi. IHS 
paraOin, 52 

turp4*ntine. 489 

wintorgii'eii. 452 
Oils and fats, 2o0 If. 

Oils, e.Hsential, 47 H fl. 
hxcal. 200 
mint ral. aO 
Ololiant gas. 1 H2 
Ololiiie h\ drcH'arbon, 177 
Oleic fM“id. 1 89 

Opium. 55H » rr 

1 Orbitals, Molecular, 32 11. 
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Organic compounds, characteristics 
1 > 2 

Orientation rule, 351 
Ornithine, 570 
Orthocaine, 556 
Ortho-position, 347 
ortho-. See remainder of tcord, 
Ort'hotoluidine, 434 
Osazones, 280 
Oxalacotic acid, 267 
Oxalates, 216 
Oxalic acid, 214 
amides, 218 
esters, 218 
aeries of acids, 212 
Oxalyl chloride, 216 
Oxalyl urea, 318 
Oxamic acid, 218 
Oxamido, 218 
OxantJiranol, 513 
Oxazines, 544 
Oxazole, 525 
Oxidase, 593 
Oximes, 99. 135 
Oximido, 218 
Oxonium salts, 529 
Oxygon, detection, 5 
estimation, 12 
Oxyhaomoploliin, 579 
Ozotiides, 191 

P.vosiDiN, 563 
Paludiino, 557 

p«ra-. Sec itndcr remainder of word. 
I’arabiLnic nci<l, 318 
Para-compoumis, 347 
Panu'ynJiog* zi, 154 
ParuHin hydroczirhons, 38, 52-54 
isomerism, of, 40-44 
oil. 52 
series, 44 
synthesis of, 53 
wax, 52 

Paraforinalilehydc, 101 

Parafuchsine, 468 
l’nralfleliy<ie, 96 
Pnraiutranilino re<l, 412 
Pararosariilino, 46S 
Pnratohiidiiio, 434 
Peliirgoriitlin, 563 
Pellotierine. 554 
PeniciUin. 59S 
Pentamethy benzene. 424 
Pentainethyleno diamine, 200 
Pentanes, isomerism of, 41 
Pentanitrophenol, 384 
rentliiophon. 524 
Pentoses, 520 
Pepsin, 568, 573 
Peptides, 571, 572 
I’cptones. 571 


Perfumes, 486 
Perkin’s reaction, 453 
Petrol, 62 
Petroleum, 50 
Fhellandrene, 479 
Phenacetin, 393 
Phenanthraquinone, 616 
Phenantlirene, 515 
group of alkaloids, 658 
Phenetidine, 303 
Phenotol, 363 
Phenol, 356-362 
Phenolpbthalein, 456, 472 
Phenols, 355 
dihydric, 363 
polyhydric, 368 
trihydric, 366 
Phenyl acetate, 360 
chloride, 349 
cyanide, 406, 418 
tsoevonide, 4 1 9 
iodide, 406 
iododicliloride, 353 
meth3’l ketone, 444 
salicj'late, 452 
sulpludc, 419 
i>othiocj'anate, 419 
Phenj’lacrolein, 454 
Phen5-lacrylic acid, 453 
Phenj'larsine chloride, 421 
Phonj’lenediomines, 397 
Phoni'lglucosazone, 291 
Phenylhydrozine, 406, 417 
Phenyllij’drnzones, 99, 135, 279 418 
Plienj’lmagnesium bromide, 422 
chloride, 350 
[ Phenylphosphines, 424 
! Phenj'ltriinethj-lammoniura iodide, 

I 399 

i Pliloroglucinol, 367 
; Phloxin, 475 
Phosgene, 309 
Phosphoproteins, 570 
' PJiosphorus, estimation, 12 
pentachloride, 60 
trichloride, 66 
Photosynthesis. 302 
Plitlialoins, 456, 472 
isoPhthnlic acid, 459 
o-PhthoHc acid, 454 
m-Phthalie acid, 457 
7)-Phthalic acid, 457 
Phthalic onliydride, 456 
Phthalimido, 457 
Phthnlocj’anines, 476 
Phthalyl chloride. 456 
Phytyl alcohol, 664 
Piceno, 510 
Picolino, 532 
Pierates, 383 
Picric acid, 380 
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Picryl chloride > 383 
Pinene, 490 
Piperidine » 533 
Pipeline^ 633, 555 
Polar linkages, 30 
Polarimeter, 230 
Polarised light, 238 
Polyhydric alcohols, 19C ff. 

phenols, 368 
Polymorides, 90 

of acetaldehyde, 90 
of formaldehyde, 101 
Polymerisation, 96 
Polymcthylenei?, 328 
Polypeptides, 228, 572 
Polyacujcharides, 208, 292 ff. 
Polyterpenos, 494 
Potassium antimonyl tartrate, 251 
benzene suJphonate, 353 
cyanate, 101 
cyanide, 167 
ferricyanide, 157 
ferrocyanido, 137 
hydrogen tartrate, 250 
indoxylsulphato, 535 
oxalates, 216 
picrato, 382 
pyrrole, 527 
sodium tartrate, 250 
thiocyanate, 103 
Prehnitene, 423 
Primary alcohols, 58 IT. 

Procaine, 556 
Prolinop 629, 571 
Propane, 45, 40, 50 
cyc/oPropanc, 330 
i^ropargyl ah^oliol, 195 
Propony 1, 180 
Propiolic aci<l, 195 
Propionic acid, 110 
iaoPropyl alcohol, 74 
iodide, 208 
Protamines, 575 
Proteins, 228, 5G5 ff- 
cLassification, 574 
colloidal character, 505 
constitution, 509 fT. 
liydrolysia, 608 
isocloctric point, 505 
molecular weight, 507 
ProtoosoH, 671 
Protocateohuic acid, 452 
ProKsion VjIuo, 158 
Prussic cLcid, 150 
Psoudocuinono, 423 
Pseudoionono, 480 
Psoudomtrols, 152 
Psoudouric acid, 321 
Ptomaines, 200 
Ptyalin, 300 
Purines, 310 


tsoPurpuric acid, 383 

Pyranose structure, 270, 290 

Pj'razine, 525 

Pyrazole, 525 

PjT^ene, 516 

Pyridine, 530 

Py rocatcchol, 253, 364 

Pyropallol, 367 

Pyroligneous nri<l. 100 

Pyroinucic acid, 526 

Pyrone, 529 

Pyroxylin, 297 

Pyrrole, 527 

Pyrroliilif^e, 528 

l^yruvic acid, 258 

OuAUUiVArESCV of carbon, 30 
Quaternary iilkyliunjiionioin coni 
poun<ls, 14 8, 149 
iurunoiiiuin salts, 142, 148,399 
Qiiercitol, 331 
Quinahhno, 542 
(^uiiihydrono, 371 
Quiiu<lin<^, 554, o.i7 
Quinine, 554, Oi57 
(^uinol. 365 
Quinoline. 540 
t.vf>Quiuohne, 543 
Quinono-<, 369 

Quinonoid strui'tuns 408, 4M 

I 

ItAcnMic a< id, 24H. 2.52 

compnunils, 2%»2 

Kascliig pron gs, 357 

cuiniOuir iiiolhod, 23 
KoiimT 'ririnunn ri*a<*(i<in> 41 I, 150 
I |<os<ir< ifi yellow, 410 
UoNorcinol, 364 
UlKMlaininrs, 475 
Hhuharh, 513 
HibofliiVin, 584 
273 

salt, 252 
Kodinul, 366, 396 
Hosaiiilino, 4t>9 

l*luos, 471 

Holati<UK Kpocifio, 278 
Ku1>bf‘>r, 190 

Knbbi-r, synthotic, 185, 190 
KubcTVt brie acid, 513 
Ktiin, 62 

SACCHAnASi:, 304 
Suc< haric a^ id, 253 
Saocbnridi\s, 268 fl. 

Saccharin, 4 1 9 
Safranino, 544 
Siilicuso, 283, 305 
Saliciii, 283 
Salicylaldcbyde, 44 
I Salicylic acid, 450 
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Salol, 452 
Salvarsan, 421 

Saodmoyer reaction, 404, 429 
Saponification, 205 
Sarcolactic acid, 237 
SchifF’s reagent, 99 
Scleroproteina, 077 
Socomiary alcohol?, 74 
amines, 142, 149 

Semicarbazido, 317 I 

Serine, 229, 569 

Sesquiterpenes, 494 

Sex hormones, 520 

Silk, artificial, 295 flf. 

Silver, oxalate, 216 
Sinigrin, 2S2 
Skatole, 535 

Skraup’s synthesis of quinoline, 541 
Soap, 205 fT. 

Sodium onunonium d-tartrate, 252 
hisulpliite compounds, 135 
Sodium cthoxide, 66 
nitroprussido, 158 
oxalate, 217 

(Sodium) fluoracetate, 227 
pierate, 382 
tliiocarbonate, 323 
xuntlmt®, 295, 32.3 
xaiithogenato, 295, 323 
.Specific rotation, 278 
Sj-irit, industrial, 61-62 
iiK'tliylatctl, 61-63 
of nitre. 121 
or turpentine, 4S0 
.'^j)irit.s, 62 
Stnrch, 298 ff. 
estt^rs, 361 
soluble, 300 
Steam distillation, 3S7 
Stearic ac-id, 2ol 
glycerides of, 201 
Steref)isomeriilc-!, 237 ff. 

separation ■ 242 

Stcrcoisomori m. 237 fT. 

Steroids, 517 
Stigmosterol. .'..’o 
Stilbone, 461 
Structural formul.c, 37 
Strychnine, 5.">4, J.7y 
Substitution, 49 
Succindial<leliyd<*. 552 
Succinic acid, 220 
Sucoinimide, 27/, 527 
Sucrose, 286 tT. 

Sugar beet. 287 
cano. 283 
mamifacturc, 2S7 
of milk. 202 
Sugars, 268 

shape of molecules of, 272 
Sulphanilic acid, 395 


Sulphanilamide, 305 
Sulphonal, 169 
Sulphonea, 169 
Sulphonic acids, 168, 353 
Sulphonium salts, 169 
Sulphur, detection of, 3 
estimation, 11 
Sylvostrene, 483 

Taxxi??s, 452 
Tartar emetic, 251 
Tartaric acid, 247 
esters, 251 

stereoisomerism, 248 
Tartronic acid, 245 
Tautomerism, 261 
Tea, 323 

Terephthalic acid, 456 
Terpano, 480 
Terpenes, 478 ff. 

synthesis of, 480 
Terpin, 485 
Terpin hydrate, 486 
Terpinool, 485 
Tertiary alcohols, 75 
aminos, 142, 149 
Terylene, 456 

Tetrnbromofluoresccin, 454 
Tetrachlorophthalic anhydride, 475 
Tctrachloroquinono, 371 
Tetraethyllead, 175 
Tetrahydronaphthalene, 502 
Tetrahydrothiophen. 527 
Tetraiodofluorescein. 475 
TetraiodopjTTolo, 528 
Tetralin, 502 

Tctramethvlammonium hydroxide, 
148 

iodide, 148 

Tetramethyleno diamine, 200 
Tetranitrophcnol, 384 
Tetraphcnyl lead, 422 
' Tctmzole, 625 
; Totronal, 169 
I Theobromine. 322 
Thiamine, 583 
Thiazolo, 525 
Thioeorboniido, 324 
Thiocarbonates, 323 
Thiocynnic acid, 163 
Tbioether, 168 
Thioindigo, 640 
' Thiophen, 527 
Tliiophenol, 419 
Thiosinamine, 324 
Thiourea, 324 
Th>-mol, 432 
Tobacco, 554 
Tolidino, 460 
[ Toluene, 424 ff. 
i Toluene sulphonic acids, 429 
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Toluic acids, 440 
Toluidines, 434 
Tribromaniline, 391 
®-Tribromoph©nol, 300 
Trichloraldohyde, 102 
Trichloraniline, 391 
Trichloroacetic acid, 227 
Trifluoroacetic acid, 227 
Trihydric phenols, 366 
Trihydroxybenzencs, 366 
Trihydroxybenzoic acid, 452 
Trimesic acid. 457 
Trimethylomine, 147 
Trimethylarsino, 170 
Trimethyl benzenes, 428 
lYimethylene, 330 

TrimothyLsulphonium hydroxide, 169 
Trimethylxanthine, 322 
Trinitroplionol, 380 
Trinitrotoluene, 433 
Trional, 169 
Trioxymethyleno, 101 
Triphonylamino, 399 
Triphonylcarbinol, 463 
Triphenylmothane, 403 
dyes, 464 ff. 

Triplionylmothyl, 476 
Triphenylphosphatc, 420 
Triphenylrosaniline, 471 
Trisaccharidos, 268 
'Tristearin, 201 
Tropic acid. 649 
Tropi<iino, 550 
Tropino, 549 
Tropinono, 651 
Tryparsamide, 422 
Trypsin. 508 
Tryptophan, 257, 570 
Turkey-red oil, 514 
Turpentine, 483, 489 
Tyrosine, 229, 570 

Unsaturated compounds, 178, 221 
Uradal, 318 
Urea, 311 
rosins, 317 
Urease. 315 
Ureides, 318 ff. 


Uretlmno, 311 
Uric acid, 320 

Urine. 312. 315-316, 320.325 
Urotropiiie, I02 


Valkn'CY linkages. 30 
of carbon. 32 
Valeric aci<l. 1 10 
VaniUin. 432 
Vnt dyes, 4 I 2 
\'crdigris. 1 1 1 
Veronal. 319 

Victor Meyer method for 
mining M.\N •, 13 
\’inegar, 105 
Vinvl bromide, 186 

compoiuuls, 1 8.> 

VioUirie ui iil. 3 1 9 
Viscose silk, 29-> 

N'itamins, 581 H. 

Vitamin A, 5S 1 
\i. 5S3 
Bj, 5S3 

B. .. 5S1 

C, 5Stl 
V, 5S7 


Waxics. 262 
Whiskv. <i2 
Will.-s.len goods. 29. > 

Williamson s .synlli< 


126. 12 


Wines. 64 

Wurl/.’s n uetion. .*0 


Xantiiai i;s. t{2.3 
Xanlhi!ie, 322 
Xuntbogeiinles. 29 » 
XuntlK)i‘rot< ic leaetjuii. .>'>1. 
Xylenc-s, 127 
o/.oni<les, 338 
Xylidine, 43. > 

Xylose, 273 

YKAS1-, 59 

Zinc metbyl. 171 
/witter ions. 231, 2i)5 

Zymase, 36. > 
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